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VOL II 

THE PEINCIPLES OF CONSTRUCTION" ACTION AND APPLICATION 
OF CUTTING TOOLS USED BY HAND AND ALSO OP 
MACHINES DEBITED FROM THE HAND TOOLS 


CHAPTER XXII 

GENERAL REMARKS UPON CUTTING TOOLS 
INTRODUCTION 

The title of the present volume appears to be sufficiently 
descriptive without additions! explanation, consequently the 
author will alone offei a few words on the notions which led to 
the division of the volume into the eight chapters enumeiated 
in the table of contents, and on their paiticular arrangement 
The chisel was selected as the subject of the first chapter, as 
from the simplicity of its form and action, it may be viewed as a 
keen wedge, sometimes employed with quiet pressure, at other 
times used with percussion, as in tools of the character of axes 
and adzes , and the stiaight chisel mounted m a stock for its 
guidance becomes the plane Further, the carpenter s chisel may 
be used as a turning tool, and many tools of this kind, the second 
m the classification, follow the condition of chisels and planes, if 
we imagine the tool to be held at rest and the work to revolve 
against it, on a fixed axis The practice of turning is naturally 
associated with that of boung holes, although m most cases, the 
boring tool revolves whilst the woik remains at rest Turning 
and boring, each cnculatoiy processes, led to the selection of the 
screw as the subject of the next chapter, for revolution combined 
VOL II H 11 
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with rectilinear advance, are exhibited m all the numerous modes 
of producing screws 

Saws were ideally compared with some of the scraping chisels, 
hut with a multiplication of points and these sometimes arranged 
m continuous order as m the circular saw The file from its vast 
assemblage of scraping teeth, was likened to a multiplication of 
the saw, but unfortunately the file has not been engrafted upon 
any machine, embodying the manipulation of the unassisted 
instrument Shears and punches are next considered m great 
measure as parallel subjects, and the rectilinear edges of shears 
although mostly duplicated, nevertheless bear some resemblance 
to simple chisels, although from their duplication they act on 
both sides of the material, and lastly the ordinary punch is 
compaiable with the rectilinear edges of the shears and chisels, 
if we do hut conceive these to be bent into the circular form 

Should these grounds for the arrangement adopted he deemed 
fanciful or visionary, it may be added that some order or selec 
tion was imperative, and it is hoped the present will serve as 
efficiently as any other that could be selected 

SECT I-THE ANGLES AND POSITIONS OF TOOLS, AS EE CARDS 

THE ACT OF CUTTING 

The section now to be commenced refers exclusively to the 
principles and construction of cutting tools, which will be 
considered in a general manner, and without reference to any 
particular branches of mechanical art, the tools and applications 
being selected by their characters and principles alone 

All edged tools may he considered to be wedges formed by 
the meeting of two straight, 01 of two curvilinear surfaces, or 
of one of each kind, meeting at angles varying from about £0 
to 120 degrees 

Some few tools are pointed, fiom the meeting of thiee or 
more planes or surfaces 

Occasionally, as m the hatchet, the chipping chisel, and the 
turner's chisel for soft wood, the tool is giound from both sides, 
or with two bevils or chamfers, at other times, as in the 
carpenter s chisels and plane irons, the tool is ground from one 
side onl}, and m such cases, the general surface or shaft of the 
tool constitutes the second plane of the wedge, this difference 
does not affect the principle 
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The general characters of cutting tools, namely their angles* 
and their relations to the surfaces to be produced, depend upon 
the hardness of the opposed substances, and the direction and 
nature of their fibres, these primary characters require especial 

consideration 1 

The particular or specific characters of cutting tools, namely 
the forms of their blades, stocks, or handles, are adapted to the 
convenience of the individual or the structure of the machine 
by which they are guided, these secondary characters, the less 
lequire or admit of generalization 

It will be now attempted to he shown that, granting the 
latitude usual mall classifications cutting tools may be included 
in three groups, namely. Paring Tools, Scraping Tools, and 
Shearing Tools 

First —Paring 01 splitting tools, 'with thin edges the angles of 
which do not exceed sixty degrees, one plane of the edge being 
nearly coincident with the plane of the work produced (or with 
the tangent, in circular work) These tools remove the fibres 
principally m the direction of their length, or longitudinally, 
and they pioduce large coarse chips 01 shavings by acting like 
the common wedge applied as a mechanical power 

Secondly —Scraping tools with thick edges that measure fiom 
sixty to one hundred and twenty degiees The planes of the 
edges form nearly equal angles with the surface produced or else 
the one plane is nearly or quite perpendicular to the face of the 
woik (or becomes as a radius to the circle) These tools 
remove the fibres in all directions with nearly equal facility, 
and they pioduce fine dust like shavings by acting superficially 
Third 1 y —Shearing, or separating tools with edges of fiom 
sixty to ninety degrees, geneiallj duplex, and then applied on 
opposite sides of the substances One plane of each tool, or of 
the single tool, coincident with the plane produced 

In explanation of these views, the diagram,fig 316,is supposed 

to lepiesent seven different tools, the bevils or edges of whic 
r are all at the angle of sixty degrees, this may be considered as 
the medium angle of the paring, sciaping and shearing tools 
The cutting and scraping tools are supposed to be moving 
fiom A to B, which line repiesents the face of the work, or the 
tools may be considered to be at rest, and the work to be moving 
from B to A 


ii h 3 
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Or, in turning, tlie tool may be supposed to remain fixed, and 
the circle to represent the moving surface of the work, one 
plane of the tool then becomes a tangent or radius 

The shearing tools if m pairs, are proceeding towards each 
other on the line C D, whilst A B still lepresents the face of the 
work The single tools acton the same principle, but the body 
of the material, or the surface of the bench or support, supplies 
the resistance otherwise offered by the second tool 

The tools a c,f are bevilled or chamfered on both sides, the 
others from one side only, m these latter the general face of the 
tool forms the second side of the angle, and allowing for exag 
geration, both as to excess and deficiency, the diagram may be 
considered to represent the edges of the following tools 

c 9 d, Splitting and Paring Tools , proceeding from A to B ] 
a —The axe, or the cleaver for splitting 
i The side hatchet, adze, paring and drawing knives, panng 
chisels, and gouges, the razor, pen knife, spokeshave, the engra 
ver s graver, and most of the engineer s cutting, turn in g and 
planing tools for metal 


Fig 315 

C 



o The turning chisel, for soft wood, the chipping chisels, for 
iron stone, &c 

d The joiner's chisels, and carving tools, used with the bevils 
downwards, the joiner's planes, the cross cut chisel for metal, 
•and some other metal tools 

L e ) f> Scraping Tools , proceeding from A to B ] 

€ When single, the scraping tools for turning thehaidwoods, 
ivory, and brass, the hand plane for metal, and when multiplied, 
the various saws, and files 

f When single, a triangular scraper for metal, and when 
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multiplied, the dross cut saw for wood, and also polygonal 
bioaches or rimers with any number of sides, foi metal 
[e,f, Shearing Tools, proceeding from C to D ] 
e —When duplex, shears with edges from eighty to ninety 
degi ees, commencing with delicate lace scissors foi single threads, 
and ending with the engineers shears for cutting iron bais and 
plates upwards of two inches thick , also duplex punches wit 
rectangulai edges, foi punching engines and fly presses 

e —When single, the carpenter s firmer and mortise chisels, 
the paring knife moving on a hinge, and cutting punches for 

gun wadding and thin materials 
j__When duplex, common nippers for wire, more generally, 
however, the blades are inclined, so that one bevil of each blade 
lies in one and the same plane, and which is vertical to A B, as 
at g g 

f -—When single, the smith’s cutting off chisel 


In piactice, the tools differ from the constant angle of sixty 
degrees assumed m the diagram foi the convenience of explana 
tion, as the angles of all tools aie determined by the haidness, 
and the peculiarity of fibie 01 structure, of the several substances 
upon which they are employed Ihe woods and soft fibrous 
materials, require more acute angles than the metals and hard 
bodies and the greater or less degiee of violence to which the 

tools are subjected, greatly influences likewise the angles adopted 

foi them 

Thus, under tlie guidance of a little mechanism, the thm edge 
of a razoi, which is sharpened oh an angle of about 15 degrees, 
is used to cut minute shoes or sections of woods, in all directions 
of the gram, for the purpose of the micioscope But the car 
pentei and others require more expeditious practice, and the 
first change is to thicken the edges of the tools to lange from 
about 20 to 45 degrees, to meet the rough usage to which they 
are then exposed, whether arising from the knots and hard places 
in the woods, or the violence applied 

In tools for iron and steel from 60 to 70 will be found a very 
common angle, m those for bi ass 80 to 90 in hexagonal broaches 
foi metal it increases to 120, and m the octagonal broach some 
times employed the angle is still greater, in the circular broach 
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required by clock and watchm ikers the angle disappears and 
the tool ceases either to cut or scrape, it lesolves itself into 
an instrument acting by pressure 01 becomes a burmshei 
To a certain extent, every different material may be considered 
to demand tools of a particular angle, and again the angle is 
somewhat modified by the specific mode of employment these 
conditions jointly determine the practical angles suited to eveiy 
case, or the angles of greatest economy, or most productive eflect 
The diagram shows that independently of the measure of the 
angle of the tool, we have to consider its position as legards the 
surface of the woik the broad distinction being that in the 
paring tools the one face of the wedge or tool is applied neaily 
paiallel with the face of the work , and m the scraping tools it 
is applied nearly at right angles as explained in the foregoing 
definitions Indeed the paring tools, if left to themselves, will 
in some cases assume the position named thus for example, if 
we place a penknife at an elevated angle upon a cedar pencil 
and attempt to carry it along as a carpenter s plane, the pen 
knife if held stiffly will follow the line of its lower side and dig 
into the wood but if it be held slenderly, it will swing round in 
the hand until its blade lies flat on the pencil and it will even 
require a little twisting or laismg to cause it to penetrate the 
wood at all This disposition appeals to be equally true, m the 
thin edges of the penknife or razor, and m the thick edges of 
the strong panng tools for metal 

The action of a cutting toolm motion is twofold The moving 
force is first exerted on the point of the wedge to sever or divide 
the substance particle from particle the cohesion of the mass 
now directly opposes the entry of the tool, and keeps it back 
But the primary motion impressed on the tool having severed a 
phavipg, proceeds to bepd or curl it out of the way, the shaving 
ascends the slope of the wedge, and the elasticity of the shaving 
confines the tool m the cleft, pi esses it against the lower side, 
disposes it |o pursue that line, and therefore to dig into the 
substance 


In pursuing the more detailed examination of different cutting 
tools employed m the mechanical arts, amongst the several classi 
ffcations which might be adopted, it appears to the author to be 
£he mqre generally useful to consider the various tools m separate 
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chapters under the following heads, namely, Chisels and Planes 
—Turning tools-Bormg tools-Screw cutting tools-Saws- 
Piles—Shears and Punches-as some of all these hinds of tools 

may he found m every work 100m 

The several chapters and sections will be commenced with the 
tools for the woods, which are perhaps the more commonly used 
by the amateur, the corresponding tools for metal will generally 

hi then considered, and lastly some aHustrations will be given of 

the same tools applied to various machines, still fuithei to prove 
the uniformity of principle upon which they act, throug ou 

these several ciiciimstances , £ 

These comparative views may serve to show the similitude of 
principle in tools for like purposes, whether the tools be large or 
small, whether they be used for wood or metal, and either by 
hand or machinery, and in cases of indecision or difficulty, a 
glance through any one section or chapter may denote, either 
the most appiopnate of the ordinary tools, 01 may occasionally 
suggest some new modification to suit a particular case, mirnita 
tion of the numerous conversions which will be already found to 
exist amongst the tools used m the constructive arts 
SECT II— THE FOBMS AND MOTIONS OF TOOLS, AS REGARDS THE 
PRODUCTION of lixes, suterficies, and solids 
The principles of action of all cutting tools, and of some 
others, whether guided by hand or by machinery, resolve them 
selves into the simple condition, that the work is the combined 
copy of the form of the tool, and of the motion employed Or 
m other words, that we exactly put into practice the geometrical 
definitions employed to convey to us the primary ideasi of lines, 
aud sohds, namely, that tie hne results from the 
:l;. point,the superlkt.. from the motion of a hne, 

and the solid from, the motion of a superficies 

It therefoie follows, as will be shown, that when the tool is a 
point having no measurable magnitude, that two motions must 
? lmnressed upon it one equivalent to the breadth, and anot er 
* )IZZ t to Z length of the superficies When the tool is 

w^ide so as to represent the one dimension of the superficies, 

r ll breadth, La only one motion is to be imp ress^say a 
motion equivalent to the length of the superficies, and these two 
are either rectilinear or curvilinear, accordingly as straight or 
curved superficies are to be produced 
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To illustrate this in a more familiar way than by the ideal 
mathematical conceptions, that a point is without magnitude, 
a line is without bieadth, and a superficies without thickness, 
we will suppose these to be materialised, and to become pieces 
of wood and that the several results aie formed through their 
agency on soft clay 


Fag 317 

n e Ip 



a 


Thus supposing g g, to be two boards, the edges of which are 
parallel and exactly in one plane, and that the mteival between 
them is filled with clay, by sliding the board p, along the edges 
°f 9 9 point m p, would produce a line, and if so many lines 
were ploughed that every part ot the clay weie acted upon by 
the point a level surface would at length result The line l, such 


as a string or wire, carried along g g, would at one process 
reduce the clay to the level of the edges of the box 

Either the point or the line, might he applied m any direction 
whatever, and still they would equally produce the plane, pro 
vided that eveiy part ot the material were acted upon, and this, 
because the section of a plane is everywhere a right line, and 
which conditions are fulfilled in the elementaiy apparatus, astha 
edges of g g are straight and give m every case the longitudinal 
guide and with l, the second line is formed at once, either vnth 
a string a wire or a straight board, but m p, the point requires 
a second or transverse guide, and which is furnished by the 
straight parts of the boaid p rubbing on the edges of g g, and 
therefore the point obtains both a longitudinal and a transverse 
guide, which were stated to be essential 

The board c, with a circular edge, and m, with a moulding 
would respectively produce circular and moulded pieces, which 
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would fee straight in point of length in virtue of g g, the line of 
motion, and curved in width in virtue of c or on the lines of the 
tools But now c and on, must always advance parallel with 
their starting positions, or the width of the moulding would vaiy, 
and this is true whenevei curved guides or curved tools are 
employed, as the angular relation of the tool must be then 
constantly maintained, winch it is supposed to he by the external 
piece 01 guide attached to on 

Supposing g g , each to have circular edges, as represented 
by the dotted aic a, a, 01 to be curved into any arbitrary mould 
mg, the same boards l, c, m, would pioduce results of the 
former transverse sections, but the clay would m each case pie 
sent, longitudinally the curved figure of the cuived longitudinal 
boaids a a here also the line of the tool and the line of the 
motion would obtain m the result 

If, to carry out the supposition, we conceive the board a a, to 
he continued until it produced the entne circle we should obtain 
a cylinder at one single sweep, if the wiie l , were carried round 
at right angles to a a But to produce the same result with the 
pointy, it must be done either by sweeping it lound to make 
circular funows verj near together, or by traversing the point 
fiom side to side, to make a multitude of contiguous lines, 
parallel with the axis of the cylinder In either case we should 
apply the point to every part of the surface of the cylinder, 
which is the object to be obtained, as we copy the circle of a a> 
(which is supposed to be complete ) and the line J, 01 the trans 
verse motion of which is equivalent to a line 

But it is obvious that, m every case refened to, theie is the 
choice of moving either the clay or the tool, without variation 
m the effect If m respect to the circular guide a a> we set the 
clay to rotate upon its center, we should pioduce all theiesults 
without the necessity for the guide boaids a a, as the axis being 
fixed, and the tool also fixed, the distance from the cncum 
ferenee to the center would be everywhere alike, and we should 
obtain the condition of the circle by motion alone, instead of by 
the guide and such, in effect, is turning 

An every day example of this identical supposition is seen in 
the potter's wheel, and the potter also, instead of always 
describing the lines of his works with his hands, as in sketching, 
occasionally resorts to curved boards or templets, as for making 
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the mouldings fox the "base of a column, or any other circular 
ornament But here as also m ordinary turning, we have choice, 
either to employ a figured tool or to impiess on a pointed tool 
a path identical with the one section, for example the spheie 
is turned either by a semicircular tool applied parallel with the 
axis, or else by sweeping a narrow or pointed tool around the 
sphere m the same semicircular path 

Haying shown that m every case, the superficies is a copy of 
the tool and of the one motion, 01 of the point and the two 
motions, it will be easily conceived that the numerous super 
ficies and solids emanating from the diagonal spnal, oval, 
cycloid, epicycloid and other acknowledged lines which are 
mostly themselves the compositions of right lines and of circles, 
may he often mechanically pioduced in thiee different ways 

First, by the employment of tools figured to the various shapes, 
and used with only one motion 01 tra\erse, secondly, by the use 
of figured guides, cctms , or shapei plates by which the motion 
is constrained, just the same as p makes a light or a curved 
line m vntue of its straight or curved guide , and thirdly, by 
the employment of a point actuated by two motions, by the 
.composition of which most geometric lines are expressed 

Thus when umfoim motions are employed, two rectilinear 
motions pioduce a diagonal to themselves, one circular and one 
continued light line motion give the spiral, the screw, and the 
cycloid, also if during one circulai revolution, either the circle 
or the point make one oscillation m a right line, we obtain the 
oval by two circular movements we obtain the epicycloid, by 
three motions the compound or double epicycloid, and so on 
And when one oi both of the rectilinear 01 circular generating 
motions aie variable as to velocity, we obtain many different 
kinds of curves, as the parabola, hyperbola, and others and 
thence the solids, arismg from the revolutions of some of these 
curves upon an axis 

We produce the practical composition of any two lines or 
movements whether regular or irregular, by impressing these 
movements on the opposite extremities of an inflexible lme or 
rod, from which rod we obtain a compounded line , if we trace 
the motion of a point inserted m any part of the rod, and we 
obtain a compounded svperficies 9 if we copy the motion of the 
entire line This pay need explanation 
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Supposing that m fig 317 , the hack guide g g to remain a 
stiaight line, the front to become the circular arc a a the boaid 
p, being now tiayeised in contact both with, the stiaight and 
curved edges, the point p would describe a line if it were close 
against the line g g 01 an arc if close against the aic a a mid 
way it would describe an aic of about half the original curvatuie 
On the othei hand, the line l would cut off the clay m a supei 
ficies, possessing at the three parts these same conditions, and 
merging gradually from the right line to the arc a a 

But a similar composition of the two hues or motions would 
occur, were the lines g g a a, to be exchmged for any others, 
similai or dissimilar parallel or oblique, or irregular m two 
directions and in mechanical practice we combine, in like 
manner two motions to produce a compound lme or a com 
pound superficies Indeed in many cases there is no alternative 
but to impart to two edges g a of a block the marginal outlines 
ot the superficies and then generally by hand, labour, to reduce 
all the intermediate poitions under the guidance of a straight 
edge applied at short intervals upon the two edges which thus 
become compounded or melted together m the superficies hum 
hers of irregular surfaces can be produced by this mode alone 
Iu fine, m mechanical processes, we translate the mathe 
matical conceptions of the rectilinear, cncular, and mixed motions 
of points and lines, into the mechanical realities of rectilinear, 
circulai, and mixed motions of pointed or linear tools 

It is not imperative, howevei, that the tools should have hut 
one fixed point or edge, as without change of principle a succes 
sion of similar points may be arranged in a circle, to constitute 
a revolving cutter which by its motions will continually present 
a new point, and multiply the lapidity of the effect In most 
cases, the introduction of a tool with a figured outline, cancels 
the necessity for the means otherwise lequiredto generate such 
figured line by the motion of a point, and a tool with a figured 
superficies, cancels also the remaining motion required to pro¬ 
duce the superficies, and the tool is simply impressed as a stamp 
pr die__ 

In tracing the method of applying these theoretical views 
to the explanation of the general employment of cutting tools, 
nr the practice of the workshop, we may safely abandon all 
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apprehension of complexity, notwithstanding tlie almost bound 
less vanety of the elements of machinery, and other woiks of 
cutting tools For although all the legular hgmes and solids 
refened to, are m reality met with, besides a still greater 
number of otheis of an n regular or arbitrary character, still 
by far the greatei majority of pieces lesolve themselves into 
veiy few and simple paits, namely, solids with plane superfices, 
such as prisms, pyramids, and wedges , and solids with circulai 
superficies, such as cylinders , cones, and spheres These are 
fiequently as it were strung together m groups, either m then 
entire or dissected states, but as they are only wrought one 
suiface at a time, the whole lnquny may he considered to lesolve 
itself into the production of superficies 

And it may be further stated that the difference between 
the modes of accomplishing the same lesults by hand tools 
or by machinery beais a veiy close resemblance to the difference 
between the practices, of the aitist who draws the right line and 
cncle by aid of the unassisted hand, and of the mechanical 
draftsman, who obtains the same lines with more defined exact 
ness under the guidance of the lule and compasses 

The guide principle is to be traced m most of our tools In 
the joiners plane it exists m the form of the stock or sole of 
the plane,which commonly possesses the same superficies as it is 
desired to produce For instance, the carpenter s plane used foi 
flat surfaces is itself flat, both m length and width, and there- 
foie furnishes a double guide The flat file is somewhat under 
the same cn cum stances, hut as it cuts at every part of its 
surface, from thousands of points being giouped togethei it is 
more treacherous than the plane, as regards the suiface from 
which it derives its guidance, and from this and other reasons, 
it is far moie difficult to manage than the carpenter s plane 
In many other cases the cutting instrument and the guide 
are entirely detached, this is stuctly the case m ordinary 
turning, m which the circular guide is given by the revolution of 
the lathe mandrel wh;ch cames the work the smface of which 
becomes the copy of the tool, or of the motion impressed upon 
the tool, either hy the hand of the workman under the guidance 
of his eye alone, or by appropriate mechanism 
When the lathe is employed under- the most advantageous 
circumstances to produce the various geometucal solids or 
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figures, the tool is placed under the guidance of a ruler or 
rather of a slide, by which its path is strictly limited to a recti 
linear motion Thus for a cylinder the slide is placed exactly 
parallel with the rotary axis of the mandrel, and for a plain flat 
surface the tool is moved on a slide at right angles to the axis 
Generally two slides fixed m these positions are attached to the 
lathe to cany and guide the tool, the machine being known 
as the sliding lest, but mostly the one slide only is used as a 
traversing 01 directional slide for guiding the tool, the other as 
an adjusting or position slide, for regulating the penetration of 
the tool into the work 

Sometimes the two slides aie moved simultaneously for the 
production of cones, hut more generally the one slide is placed 
oblique and used alone 1 he lathe is employed with great effect 
m producing plane surfaces, but the more modern engine the 
planing machine, the offspimg of the slide or traversing lathe 
recently adverted to, is now also very much employed for all 
kinds of rectilinear woiks 

The planing machine being intended pimcipally foi retilinear 
solids of all lands, its movements aie all icctilinear, and these 
are m geneial restricted to three, which are m the same relation 
to each other as the sides of a cube, namely, two are horizon 
tal and at right angles to each other, and the third is vertical, 
and therefore peipendicular to the other two The general 
outline of the machine will be conceived by imagining a 
horizontal railway to take the place of the revolving axis of the 
lathe, and the slide rest of the lathe to be fixed vertically 
against the face of a bridge stretching over the railway 

In the geneial stiuctuie of this most invaluable machine, the 
railway is the cutting slide, upon which the woik is slid to and 
fro Tor producing a horizontal surface, the horizontal slide 
is employed for traversing the tool across the face of the work, 
which is thus reduced by ploughing a senes of parallel grooves, 
not exceeding m distance the width of the pointed tool, so that 
first the line, and then the surface arise, exactly as m the geome 
tncal suppositions Tor vertical planes, the vertical is the 
traversing slide, the horizontal the adjusting, and for oblique 
planes the vertical slide is swivelled round to the assigned 
angle, the imaginary railway being employed m all cases to 
give the cutting motion 
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To advance into greater detail would be to encroach on the 
subject of the succeeding chapteis, although it may be added, 
that when we examine into almost any machine employed in 
cutting, it will be found that the end to he obtained is always a 
superficies, either plane or curved, and which superficies reduced 
to its elementaiy condition presents length and bieadth 

When, therefore we have put on one side the mechanism 
required for connecting and disconnecting the engine with the 
prime mover whether animal steam, or other power, it will be 
found that when the supeificies is produced by a pointed tool, 
the primary motions resolve themselves into two, which may be 
considered representative of length and breadth The velocity 
of the one pnmary motion, is suited to the speed pioper for 
cutting the material with the most productive effect, which for 
the metals is sometimes as low as ten 01 twenty feet pei minute, 
measured at the tool and for the woods the speed is above ten 
or twenty times as great * The velocity of the other pnmaiy 
motion is generally very small, and often intermittent, and it 
becomes a mere creep or traverse motion, by which the pointed 
tool is gradually moved in the second direction of the superficies, 
under formation * 

In producing circular bodies one of these primary motions 
becomes circulating or rotarv, and m complex or irregular forms, 
an additional movement, making m all thiee, or sometimes four 
are compounded, and lastly, when linear or figured tools are 
employed one of the motions is generally expunged 


The principal limit of Telocity m cutting machines appears to be the greatest 
Bpeed the tool -will safely endure -without becoming so heated by the friction of 
separating the fibres as to lose its temper or proper degree of hardness 

The cohesion of iron being very considerable a velocity matenally exceeding 
ten to twenty feet per minute would soften and discolour the tool whereas in 
general the tools for iron are left nearly or quite hard Brass having much less 
cohesion than iron allows a greater velocity to be used lead and tin admit of still 
more speed and the fibrous cohesion of the soft woods is so small that when the 
angles of the tools are favourable there is hardly a limit to the velocity which may 
be used Water soap and water oil milk and other fluids are m many cases 
employed and especially with the more fibrous metals for the purpose of lubn 
catmg the cutting edges of the tools to keep down the temperature the fluids 
reduce the fuction of separating the fibres and cool both the tool and work 
thereby allowing an increase of velocity and at the same time they lessen the 
deterioration of the instrument and which when blunted excites far more friction 
and is likewise more exposed to being softened than when keen and m perfect 
working ordei There are however various objections to the constant use of 
lubueatmg fluids with cutting tools 
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The other movements of cutting machines may he considered 
as secondary, and introduced either to effect the adjustment of 
position at starting, or the changes of position during the 
progress of the wort, or the resettings hy which the same 
superficies is repeated as m the lespective sides of a prism, or 
the teeth of a spui wheel, which miy he viewed as a complex 
prism 

The above two or three movements may m geneial he 1m 
pressed wholly upon the tool, wholly upon the woik, 01 partly 
upon each, and which explains the veiy many ways which, 
m cases of simple forms, may be adopted to attain the same 
result 

In numerous instances likewise, all the movements are as it 
were linked together m a chain, so that they may recur at 
pioper intervals, without the necessity fot any other adjustment 
than that which is done prior to the first starting, such are very 
appropriately called self acting machines, and these, m many 
cases, give rise to very curious arrangements and combinations 
of parts, quite distinct fi om the movements abstractedly requii ed 
to produce the vanous superficies and solids, m which the 
mathematician and mechanician from necessity exactly agree, 
when then respective speculations are sifted to their elementary 
or primary laws, which are few, simple, and alike for all 

Mr Nasmyth has written an interesting paper, entitled, 

“ Remaiks on the Intioduction of the Slide Pnneiple, m Tools 
and Machines employed in the production of Machinery * 
This principle although known for a far greater period, has 
within less than half a centuiy, and m many respects even within 
less than the fourth of a centuiy, wrought most wonderful 
changes in the means of constructing mechanism, possessed of 
nearly mathematical accuracy The whole of this is traced to 
the employment of the two, 01 the three slide movements, to 
which method Mr Nasmyth has judiciously applied the term 
“ Slide Ti mciple, but the object m this place is rather to 
examine m detail the principles and piactices, than to refei to 
the influence these have had on manufactunng industry, and 
thence on the general condition of mankind, and upon our own 
nation in particular 


* See Buchanan s Mill Work, hy G Rennie, F R S 1841 Page 393 
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CHAPTEE XXIII 

CHISELS AND PLANES 

SECT I-INTRODUCTION , BENCH PLANES 

Ir -we dm e an axe or a thin wedge, into the centei of a 
block of wood, as at a, fig 318 , it will split the same into two 
paits through the natmal line of the fibres leaving rough 
uneven surfaces, and the 1 lgidity of the mass will cause the lent 
to precede the edge of the tool The same effect will partially 
occur when we attempt to remove a stout chip from off the side 
of a block of wood with the hatchet adze, paring or diawing 
knife, the paring chisel, or any similar tool So long as the chip 
is too ngid to bend to the edge of the tool, the lent will precede 
the edge , and with a naked tool, the splitting will only finally 
cease when the instrument is so thm and sharp, and it is applied 
to so small a quantity of the matenal, that the shaving can bend 
or ply to the tool, and then only will the work be cut 01 will 
exhibit a true copy of the smooth edge of the instrument, m 
opposition to its being split or rent, and consequently showing 
the natural disruption or teanng asunder of the fibres 

In fig SIS are drawn to one scale seveial very different panng 
tools, which agree howevei in similitude with the type, b fig 
316 page 460 , and also coiroboiate the lemaik on page 402 , 
that m the panng tools, the one face of the wedge or tool is 
applied nearly parallel with the face of the woik” In tools 
ground with only one chimfei, this position not only assists m 
giving direction to the tool, but it also places the stiongest line 
of the tool exactly in the line of resistance, or of the work to 
be done 

Fol example the axe or hatchet with two bevils, a fig 318 , 
which is intended for hewing and splitting, when applied to 
paring the surface of a block, must be directed at the angle a 
which would be a much less convenient and less strong position 
than b } that of the side hcctchet with only one chamfer but foi 
paring either a very large or a nearly horizontal surface, the side 
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hatchet m its turn is greatly inferior to the adze c, m -winch the 
handle is elevated like a ladder, at some 60 or 70 degrees from 
the ground, the pieference being given to the horizontal position 
for the surface to be wiought 
The instrument is held m both 
hands, whilst theoperatoi stands 
upon his work m a stooping 
position the handle being from 
twenty four to thirty inches 
long, and the weight of the 
blade from two to four pounds 

The adze is swung m a cn 
cular path almost of the same 
curvature as the blade, the 
shoulder joint being the center 
of motion, and the entire arm 
and tool foimmg as it weie one 
inflexible 1 adius, the tool there 
fore makes a succession of small 
aics, and ill each blow the arm 
of the workman is brought m 
contact with the thigh which thus serves as a stop to pievent 
accident In coarse preparatory works, the workman directs 
the adze through the space between Ins two feet, he thus sur 
prises us by the quantity of wood removed , m fine works, he 
frequently places his toes over tlie spot to he wiought, and the 
adze penetiates two or three inches beneath the sole of the 
shoe, and he thus sui puses us by the apparent danger yet 
perfect woikmg of tlie instrument, which in the hands of the 
shipwright m paiticular, almost rivals the joiners plane it is 
with him the nearly universal paring instillment, and is used 
upon works in all positions 

The small Indian adze 01 Bassodla hd fig 318, m place of being 
# cncular like the European adze, is formed at a dnect angle of 
about 45 oi 50 degrees , its handle is veiy slioit, and it is used 
with great piecision by the nearly exclusive motion of the elbow 
joint* In oidei to grind eitbei of these adzes, oi jpcimsme 

* This vei y useful instrument (say s Sir J ohn 1 obi son) varies a little m different 
districts in weight and m the angle which the cutting face forms with the line of 
the handle, but the foi m shown is the most genoril and the weight averages about 


a e Fig 318 
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chiselb, it is necessary to remote the handle, which is easily 
accomplished as the ej e of the tool is largei externally as in the 
common pickaxe, so that the tool cannot fly off when in use, 
hut a blow on the end of the handle easily lemoves it 

The chisel e, admits of being very carefully placed, as to posi 
tion, and when the tool is strong, very flat and not tilted up it 
produces very true surfaces as seen m the mouths of planes 1 he 
chisel when applied with percussion, is struck with a wooden 
mallet hilt m many cases it is merel} thrust foiwTrd hy its 
handle It will shoi tly be shown that various other forms of the 
handle or stock of the chisel, enable it to receive a far more 
defined and effective thrust which give it a different and most 
important character Th eparing knife fig 8,p 26,Yol I, exhibits 
also a peculiar but most valuable airangement of the chisel, m 
which the thrust obtains a great increase of power and control 
and m the drawing knife the narrow transverse blade and its 
two handles foim three sides of a rectangle, so that it is actuated 
by fraction instead of hy violent percussion or steady thrust 
The most efficient and common paring tool for metal, namely/, 
has been added to fig 318 for comparison with the panng tools 
for wood, its relations to the surface to be wrought are exactly 
the same as the rest of the gioup, notwithstanding that the angle 
of its edge is doubled on account of the hardness of the material, 
and that its shaft is mostly at right angles, to meet the construe 
tion of the slide rest of the lathe or planing machine 

The chisel, when inserted m one of the seveial forms of stocks 
or guides, becomes the plane, the general objects being, to limit 
the extent to which the blade can penetrate the wood, to provide 
a definitive guide to its path or direction, and to restrain the 
splitting m favour of the cutting action 
In general, the sole or stock of the plane is m all respects an 

1 lb 12 oz The length of handle is about twelve or thirteen inches and in. use 
it is grasped so near the head that the forefinger rests on the metal the thumb 
nearly on the back of the handle the other fmgeis 0 rasp the front of it the nails 
approaching the hall of the thumb The wrist is held firmly the stroke being 
made principally from the elbow the inclination of the cutting face being nearly 
a tangent to the circle described by the instrument round the elbow joint as a 
center the exact adjustment being made by the grasp and the inclination of the 
wribt which is soon acquired by a little practice In this way very hard woods 
may be dressed for the lathe with a degi ee of ease and accuracy not attainable 
with the small axe used in this country 
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accurate counterpart of the form it is intended to produce, and 
it therefore combines m itself the longitudinal and the transveise 
sections, or the two guides referred to m the theoietical diagram 
page 464, and the annexed figure 319 the paits of which are 
all drawn to one scale, may be consideied a parallel diagram to 
317, page 464, so far as regards planes 



Thus, although convex surfaces, such as the outside of a hoop 
may be wiought by any of the straight planes, applied m the 
dnection of a tangent as at a, it is obvious the concave plane, 
1), would he more convenient For the inside of the hoop, the 
ladius of curvature of the plane must not exceed the radius of 
the work thus c , the compass plane, would exactly suit the 
cuive, and it might be used for larger diameteis, although m a 
less perfect manner For the convenience of applying planes to 
very small circles, some are made very narrow or shoit, and 
with transverse handles such as d, the plane for the hand rails 
of staircases, the radius of its curvature being three inches, it 
icsemhles the spokeshave e, as respects the transveise handles 
although the hand rail plane has an iron, wedge, and stop, much 
like those of othei planes 

The sections of planes, are also either straight, concave, 
convex, or mixed lines, and suited to all kinds of specific 
mouldings, but we have principally to consider tlieir more 
common featuies, namely, the circumstances of their edges and 
guides, fiist of those used for flat surfaces, called by the 
joiners, bench planes secondly, the grooving planes, and thirdly, 
the moulding planes 


i x % 
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SURFACING, OR BENCH PLANUS 


The vauous surfacing planes are nearly alike, as regards the 
arrangement of the non the principal diffeiences beingmtheir 
magnitudes Thus the maximum width is determined by the 
average strength of the individual, and the difficulty of main 
taming with accuracy the rectilinear edge In the ordinal y 
bench planes the width of the iron ranges from about 2 to 
inches * 

The lengths of planes are puncipally deteimmecl by thedegiee 
of straightness that is required m the wort, and which may be 
thus explained The jomei s plane is always either balanced 
upon one point beneath its sole, or it rests upon two points at 
the same time, and acts by ciopping off these two points, with 
out descending to the hollow intermediate between them It is 
therefore cleai that by supposing the work to be full of small 
undulations the spokeshave, which is essentially a itnj ehoit 
plane, would descend into all the hollows whose lengths weie 
greater than that of the plane, and the instrument is therefore 
commonly used for curved lines But the greater the length of 
the plane, the more nearly would its position assimilate to the 
general line of the work, and it would successively obliterate the 
minor errors 01 undulations , and provided the mstiument were 
itself rectilinear, it would soon impart that character to the edge 
oi superficies submitted to its action The following table may 
be considered to contain the oidmary measures of surfacing 
planes 


Names of Planes 

Lengths 
in inches 

Widths 
minches 

Widths 
of Irons 

Modelling Planes like Smoothing Planes 

1 to 5 

— J to 2 — 

to 14 

Ordinary Smoothing Planes 

6J to 8 

— 2f to 3J — 

1| to 2f 

Rebate Planes 

H 

— f to 2 — 

| to 2 

Jack Planes 

12 to ir 

— 2J to 3 — 

2 to 2] 

Panel Planes 

14i 

-34 - 

24 

Tiymg Planes 

20 to 22 

— 3J to 3f — 

23 to 2h 

Long Planes 

24 to 26 

- 8 * - 

n 

Jointer Planes 

28 to 30 

- 3J 

2f 

Cooper s Jointer Planes 

60 to <2 

— 5 to 5J — 

3 1 to 3f 


The succession m which they aie generally used is the jack 
plane for the coarsei woik the trying plane for finer woik and 
trying its accuracy and the smoothing plane for finishing 


* The non is scarcely a proper name for the plane iron, which is a cutta 
01 llade composed partly of iron and steel but no confusion can arise from the 
indiscriminate use of any of these tei ms 
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The diagram, fig 320, is one quarter the full size, and may 
be considered to represent the ordinary surfacing planes, the 
mouths of which are alike, geneially about one third from the 
front of the plane, and thus constituted The line a, b } is called 
the sole c, d, upon which the blade is supported, is the led, and 
this m planes of common pitch, is usually at an angle of 4o° 
with the perpendicular 


Fig 320 



The mouth of the plane is the nanow aperture between the 
face of the iron, and the line c,f, which lattei is called the wear 
the angle between these should he as small as possible, in order 
that the wearing away of the sole, or its occasional correction, 
may cause but little enlargement of the mouth of the plane , at 
the same time the angle must he sufficient to allow fiee egress 
for the shavings, otherwise the plane is said to choke The line 
g, is called the fi ont, its angle is unimportant, and m practice 
it is usually set out one quaiter of an inch wider on the upper 
suiface than the width of the iron 

The wedge of the plane which fixes the iron, is commonly at 
an angle of 10°, and it is slightly driven between the face of the 
non and the shouldei or abutment c e It is shown by the two 
detached views tli xt the wedge w , is cut away at the ccntialpart, 
both to clear the screw which connects the double iron, and to 
xllow roomfoi the escape of the shavings 1 he wedge is loosened 
by a moderate blow, either on the end of the plane at h y on the 
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top at % 9 or by tapping the side of the wedge, which may be then 
pulled out with the fingers a blow on the front of the plane 
at j , sets the iron forward 01 deeper but it is not resorted to 
In all the bench planes, the non is somewhat narrower than 
the stock, and the mouth is a wedge-formed cavity, m some of 
the nanow planes the cutting edge of the non extends the full 
width of the sole, as m the rebate plane/ fig 319, page 475 , m 
these and others, the nairow shaft of the iron and the thin wedge 
alone proceed through the stock and there is a curvilinear mouth 
extending through the plane the month is taper, to turn the 
shavings out on the moie convenient side When the planes 
only cnt on the one part of the sole, as m fig 312 page 485 the 
angular mouth extends only part w\y through the plane, and the 
curvilinear peiforation is uncalled for 

In the diagram, fig 320, when the stock terminates at the 
dotted lme, s s, it represents the smoothing plane , when it is 
of the full length, and furnished with the handle or toat , it is 
the jaek plane or panel plane , the still longer planes have the 
toat further removed from the iron, and it is then of the foitn 
shown m fig 380, page 483 

Fig 321 represents, one eighth the full size, a very effective 
plane, which is commonly used on the continent for roughing 
Fig 321 out, or as our jack plane, the horn h, being 

intended foi the left hand, whilst the right 
is placed on the back of the stock The 
r Indians and Chinese boie a hole tlnough 

the front of the plane for a transverse 
stick, by which a boy assists in pulling 
the plane acioss the woik "When the 
plane is veiy large, it is by the Chinese, 
and others, placed at the end of the bench at an angle, and 
allowed to rest on the ground, whilst the work is slid down its 
face , and a similai position is employed by the coopers m oui 
own country for planing the staves of casks, the plane being m 
such cases, five or six feet long and very unwieldy, the uppei 
part is supported on a prop, and the lower rests on a transveise 
piece of wood or sleeper 

The amount of force required to work each plane is dependent 
on the angle and relation of the edge on the hardness of the 
material, and on the magnitude of the shaving , but the required 
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force is m addition greatly influenced by the degree xn which 
the shaving is bent for its removal in the most peifect manner 
The diagrams 322 to 326 represent of their full size, paitsof 
the irons and mouths of various planes, each m the act of re¬ 
moving a shaving The sole or surface of the plane rests "upon 
the face of the work, and the cuttei stands as much in advance 
of the sole of the plane, as the thickness of the shaving, which 
is in each case so bent as to enable it to creep up the face of 
the inclined non through the nairow slit of the plane called its 
mouth the width of which determines the extent to which the 
fibie of the wood can tear up or split with the gram 

I he spokesliave, fig 322, cutspeihaps the most easily of all 
the planes, and it closely assimilates to the penknife, the angle 
of the blade is about 25 degiees, one of its planes lies almost m 
contact with the work, the inclination of the shaving is slight* 
and the mouth is very contracted The spokeshave works very 
easily m the direction of the giam, but it is only applicable 
to small and rounded surfaces and cannot be extended to suit 
large flat superficies as the sole of the plane cannot be cut away 
for such an iron, and the perfection of the mouth is compaia 
tively soon lost m grinding the blade 

lug 322 Fig 323 




The diagiams, figs 323, 4 and 5, suppose the plane lions to 
be ground at the angle of 25°, and to be sharpened on the moie 
refined oilstone at 35° so as to make a second bevel or slight facet 
as shown by the dotted lines a m each of the figures the irons 
so giound aie placed at the angle of 45° or that of cotmjiwu ypitoh 
it therefore follows, that the ultimate bevel, which should be very 
narrow, lies at an elevation of 10° from the surface to be planed 
Fig 323 repiesents the mouth of an old jack plane, from the 
sole of which about half an inch of wood has been lost by weai 
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and correction, -which is no uncommon case The wide mouth 
allows a partial splitting of the fibies before they creep up the 
face of the single iron this plane wotks ensilj, and does not 
greatly altei the shavings, which come off in spiral cm Is, but 
the work is left rough and torn 

Fig 324 Fig 325 Fig 326 



Fig 324, a similar hut less worn plane with a closer month 
allows less of the splitting to occur, as the shaving is more sud 
denly bent m passing its nairower mouth, so that the cutting 
now begins to exceed the splitting, as the wood is held down by 
the closer mouth the shaving is more broken and polygonal, 
but the -work is left smoother 

The same effects are obtained m a much superior mannei m 
the planes with double irons, such as m fig 325, the top lion is 
not intended to cut hut to present a more nearly perpendiculai 
■wall for the ascent of the shavings, the top iron moie effectually 
heaJcs the shavings, and is thence sometimes called the break 
iron 

Now therefore, the shaving being veiy thin, and constrained 
between two approximate edges, it is as it were bent out of the 
way to make room for the cutting edge, so that the shaving is 
removed by absolute cutting, and wnhout being in any degree 
split or rent off 

The compound or double iron is represented detached, and 
of half size m fig 327 in this figure the lower piece c, is the one 


Fig 327 



LLiuZT 


used for cutting, the upper piece t or the top iron, has a true 
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edge, which is also model atelj shaip, the top non is pi iced 
from one sixteenth to one fiftieth of an inch from the edge of 
the cutter, the two are held together so closely hy the screw 
which passes tlnough a long mortise m c and fits m a tapped 
hole in t that no shaving can get between them 

The constant employment of the top iron in all available cases, 
shows the value of the improvement, and the cucumstances of 
the plane working the smoother but harder, when it is added 
and the more so the closer it is down, demonstiate that its 
action is to bi&ak or bend the fibres Tins is particularly 
observable m the coarse thick shavings of a double iron jack 
plane, compared with those of the same thickness from a single 
iron plane the latter are simply spiral and in easy curves 
whereas those fiom the double iron are broken across at short 
intervals, making their character more nearly polygonal, and 
the same difference is equally seen m thinner shavings, although 
of course less in degree 

Fig 326 represents the iron of a plane intended “ for the use 
of cabinet maker s and others, who require to cut either hard 
or coarse grained wood,’ the upper bevel given to the iron, 
being considered to dispense with the necessity foi the top iron 
hut it is obviously much moie difficult to produce a true right 
lined edge, by the meeting of two planes, each subject to error 
m sharpening, than when one exists permanently flat as in the 
broad surface of the blade 515 

The same edge may be obtained by a blade with a single 
chamfer, the flat side of which is placed m either of the dotted 
positions of fig 3&6 The fust, or S, is that previously m common 
use m the ordinary moulding planes for mahogany,and c is almost 
the position of the bed for the iron of the untie plane, also pre 
■uously common m all three planes, the ultimate angle of the 
face of the cutter is just CO degrees from the horizontal 

Fig 3S8 represents the mouth of the mitre plane full size, 
and fig 329 the entire instrument one eighth size The stock 
is much less m height than m ordinary planes, and the iron lies 
at an angle of about S5°, and is sharpened at about the ordinary 
angle of 35°, making a total elevation of 60°, which, together 
with the delicate metallic mouth, render the absence of the top 


* Soo 'transactions oJt the Society of Arts, 1825 vol xlm p 85 
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non unimpoitant, even when the plane is used lengthways of the 
fibies, although its ostensible purpose is to plane obliquely 
across their ends, as m the formation of mitie joints 


Fig 328 tig 329 

a 



In all oidmary planes the mouth gets widei as the iron is 
ground away because of the unequal thickness or taper form of 
the blade as seen at c , fig 327 In the mitie plane this is avoided 
by placing the chamfer upwards, now theiefoie the position of 
the blade is determined by its bioad flat face which lests on the 
bed of the instrument d, and maintains one constant position as 
regards the mouth, uninfluenced by the gradual loss of thickness 
m the iron 

The smoothing and trying planes are also made with metal 
soles, and with single irons of ordinary angles, as one great pur 
pose of the top iron is to compensate for the enlargement of 
the mouth of the plane by wear, this defect is almost expunged 
from those with iron soles, and which are gradually becoming 
common, both with single and with double irons See Appendix, 
Note A H , page 978 


Some variation is made m the angles at which plane irons are 
inserted m their stocks The spokeshive is the lowest of the 
series, and commences with the small inclination of 25 to 3D 
degrees, and the general angles and purposes of ordinary planes, 
are nearly as follows Common pitch, or 45 degrees from the 
horizontal line is used for all the bench planes for deal and 
similar soft woods York pitch or 50 degiees from the hori¬ 
zontal for the bench planes for mahogany, wainscot, and hard 
or stringy woods Mxddle pitch , or 55 degrees, for moulding 
planes foi deal, and smoothing planes for mahogany, and similar 
woods Half pitch, or 60 degrees, for moulding planes for 
mahogany, and woods difficult to woik, of which bud s eye 
maple is considered one of the woist 
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Boxwood and othei close Bard woods, may be smoothly 
scraped, li not cut, in any duection of the gram, when the angle 
constituting the pitch entirely disappears , or with a common 
smoothing plane m which the cutter is perpendiculai, 01 even 
leans slightly foiwaid, this tool is called a scraping plane and 
is used for scraping the lvoiy keys of piano fortes, and works 
inlaid with ivoiy biass, and liaidwoods, this is quite analogous 
to the process of turning the liaidwoods 

Ihe cabinet makei also employs a scraping plane with a 
perpendicular iron, which is giooved on the face, to present a 
scries of fine teeth instead of a continuous edge , this which is 
called a toothing plane, is employed foi roughing and scratching 
veneers and the surfaces to which they are to be attached, to 
make a tooth for the better hold of the glue 

Ihe smiths plane for brass, iron, and steel, fig 330, has 
likewise a perpendiculai cutter, ground to 70 or 80 degiees, it 
is adjusted by a vertical sciew, and the wedge is replaced by ail 
end screw and block, as shown in the figure which is one eighth 
size In the planes with veiticil uons, the necessity foi the 
narrow mouth ceases, and in the smiths plane some of tlio 
uons, oi more propelly cutteis, 
are also grooved on. the faces, by 
which their edges aieviituilly 
divided into seveial narrow 
preces , this enables the instru 
ment to be moie easily employed 
in roughing out works, by ab 
stractmg so much of the width 
of the iron, and by giving it a greater degree of penetration, but 
the finishing is done with smooth edged cutters, and those not 
exceeding fiom five eighths of an inch to one inch wide 



It is well known that most pieces of wood will plane hotter 
from the one end than from the other, and that when such 
pieces are tinned over, they must be changed end for end 
likewise the necessity for this will immediately appear, if we 
consider the shade lines under the plane irons a, b, fig 3 31, to 
lepresent the natural fibi es of the wood which are rarely parallel 
with the f ice of the woik 1 he plane a, working icith the gram, 
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would cut smoothly, as it would rather piess down the fibies 
than otherwise, wheieas b would woik against the gnam , 01 
would meet the fibies cropping out, and he li ible to teai them up 

It was explained 


Fig 331 



in 

Chap IV, Vol I tint 

the handsome chaiacteis 
of showy woods, gieitly 
depend on all kinds of 11 
legulanties in the fibies 
so that the conditions a 
and b fig 331, continually 
occui m the same piece of wood and m which we can theiefore 
scarcely produce one straight and smooth cut m any dnection 
Even the most expenenced workmen will apply the smoothing 
plane at various angles across the different paits of such wood 
accoidmg to his judgment m extreme cases, where the wood 
is very curly knotty, and cioss grained the plane can scarcely 
be used at all, and such pieces are finished with the steel scraper 
This simple tool was originally a piece of bi oken window glass 
and such it still remains in the hands of some of the gun stock 
makeis but as the cabinet maker lequnes the lectihnear edge 
he employs a tlnn piece of saw plate, which is represented black 
and highly magnified at s, fig 331 The edge is first sharpened 
at light angles upon the oilstone and it is then mostly bui 
lushed, either square oi at a small angle so as to thiow up a 
trifling bun, or wne edge The scraper is held on the wood at 
about 60°, and as the minute edge takes a much slightei hold, 
it may be used where planes cannot be well applied JLhe 
scraper does not work so smoothly as a plane m perfect oidei 
upon ordinaly wood and as its edge is roughei and less keen 
it drags up some of the fibres and leaves a minute roughness, 
interspersed with a few longer fibres 


SECT II —GROOVING PLANES 

We may plane across the gram of hard mahogany and box 
wood with comparative facility, as the fibres are packed so 
closely, like the loose leaves of a hook when squeezed m a press 
that they may be cut m all directions of the giam with neatly 
equal facility, both with the flat and moulding planes But 
the weaker and more open fibies of deal and other soft woods 
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cannot withstand a cutting edge applied to them parallel mth 
thenisehes 01 lateially, as they aie tom up, and leave a rough 
unfinished suiface The joiner uses thei cioie, for deal and soft 
woods, a very keen plane of low pitch, and slides it across 
obliquely, so as to attack the fibre from tlie one end, and 
mutually to remove it m the dnection of its length, so that 
the force is divided and applied to each part of the fibre m 
succession 

The moulding planes cannot be thus used, and all mouldings 
made in deal and woods of similar open soft gitun, are con 
sequently always planed lengtliwajs of the giam, and added 
as separate pieces As howevei many cases occui m carpentiy 
in which lebates and giooves aie lequued directly acioss the 
gram of deal, the obliquity is then given to the w on which is 
mseited at an angle, as m the skew lebate and fillister and the 
stock of the plane is used in various ways to guide its tiansit 

Many of these planes present much ingenuitj and adaptation 
to then paiticular cases foi example fig 33£ is the side view, 
and fig 383 the back of the side fillistei , which is intended to 
Figs 332 333 331 



plane both with and across tlie gram, as m planing a icbate 
aiound the margin of a panel The loose slip, or the fence f is 
adjusted to expose so much of the oblique lion as the width 
of the rebate, the screw stop s , at the side, is raised as much 
above the sole of the plane as the depth of the rebate, and the 
little tooth t, or scoring point (shown detached m two views a, b), 
precedes the bevelled iron, so as to shear or divide the fibicsas 
with the point of a penknife, to make the peipcnchculai edge 
keen and squaie This plane is tliciefoie a fom fold combina 
tion of two measuies and two cutteis lhe oblique non, and 
the tooth or cuttei,aie pietty constantly met with mthc planes 
used across the giam 

Others of these pluieshave less powci of adjustment, for 
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instance the gioovmg plane fig 334 for planing acioss the 
gram, has two separate teeth or else a single tooth with two 
points c, m addition to the cutting n on which is commonly 
placed squaie across the face of the plane the groove is only 
used foi the reception of a shelf its sides are therefore the more 
impoitant parts, and the obliquity of the iron may he safely 
omitted The fence can no longer be a part of the instrument, 
as it is often used m the middle of a long piece, a wooden 
straight edge s, is theiefore temporarily nailed down to guide 
the plane, and the stop is sometimes a piece of boxwood fitted 
stiffly m a moitise through the stock, at other times it is 
adjusted by a thumb screw, as m the figure 334 

The plough, fig 335, is a grooving plane, to work with the 
gram it has similar poweis to the fillistei, but with a gieater 
horizontal range The width of the groove is determined by 
that of the blade, of which each plough has several they aie 
retained in the perpendicular position by a thin iron plate, 
which enteis a central angular groove m the hack of the blade 
The teeth oi scoring points are nov uncalled for as the non 
woiks perfectly well the lengthway of the fibre The sciew stop 
is the same as befoie but th t fence f is built upon two trans 
verse stems s s, one only seen, passing thiough mortises m the 
body of the plane, and fixed by wedges In the German plough 
the position of the fence / is determined and maintained by two 
vooden screws, instead of the stems s s and there are two vooden 
nuts to each screw* one on each side of the stock of the plough 



Other grooving planes for woikmg with the gram aie also 
made without teeth, examples of which may be seen m the 
drawer bottom plane 336, and the slit deal planes, of which 337 
makes the groove, and 338 the tongue, used for connecting 
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boards for partitions and other purposes, with the groove * 
tongue joint 339 The planes of this class being genera y uhu 
for one specific purpose and measure, aie nnpiovidc wi 1 
parts, as they are worked until the sole of the plane, or H * )m< ° 
its edges come m contact with the wood unci stoj> t ic 
pi ogress of the cutter 

Fig 340, the leglet plane, is of this land it denves its name 
horn being employed in making the parallel slips o wooc , or 
leglet used hy the printer for the wide separation of the ixus o 
metal type the adjustable fences are screwed fast, as lmwh m 
advance of the sole of the plane as the leguirecl thickness of the 
leglets or rules which are then planed away until, fiom tho slips 
lestmg on the bench, the tool will cut no longer 


Figs 340 



Fig 341 is a router plane , it has a broad surface cany lug m 
its center one of the cutteis belonging to the plough, it is used 
for levelling the bottoms of cavities, the stock must he moio than 
twice the width of the recess, and the projection of the iron 
determines the depth, the sides of the cavities aro prepai ed 
before hand with the chisel and mallet The ordinary namo for 
this plane is not remarkable for its propriety or elegance, it is 
generally called the old* woman s tooth So© Appendix, 
Note A I, page 979 

Ihe carpenters gages, for setting out lines and grooves pnrnlli 1 
with the margin of the work are closely associated with tin 
system of fences or rails The stem of the gage fig *4«, is 
retained in the head, or stock, by means of a small wedge, and 
the cuttei is fixed m a hole at right angles to the face of the 
stem, by another wedge The masking gage, for setting out 
lines, has a simple conical point, the cutting gage, for cutting 
\eneers and thin wood, has a lancet-shaped kmfe, and is a 
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vex 7 effective tool, the routci gage for inlaying small lines of 
wood and biass, has a tooth like a nanow chisel 

1 here are otkei foims of gages, some of these have screw 
adjustments, m the most simple, the stem is a wooden screw, 
flattened on one side, and the head of the gage consists of two 
wooden nuts, which become fixed when screwed fast against 
each other The moitise gage, which is much used, has two 
points that may be adjusted to scribe the widths of mortises and 
tenons In the bisecting gage there aie two sliding pieces or 
heads which aie made to embiace the object to be bisected and 
the sciibmg point is in the center of two equal arms jointed 
respectively to the two sliding heads * 

The cooper’s cioze is used for making the grooves for the 
heading of casks aftei the ends of the staves have been levelled by 
a tool called a sun plane like a jack plane, but of a cncular plan 
The croze is similar to the gages, except that it is veiy much 
larger the head is now nearly semicirculai, and terminates 
m two handles, the stem, which is proportionally large is also 
secured by a wedge, hut the cutter is composed of three or foui 
saw teeth, closely followed hy a hooked router, which sweeps 
out the bottom of the groove 

I he banding planed is allied to the gages, and is intended foi 
cutting out grooves and inlaying stungs and bands m straight 
and circular works, as in the rounded corneis of piano foites 
and similar objects It beais a genenl resemblance to the 
plough fig 385, but it is furnished m addition with the double 
tooth c of the grooving plane, fig 8 34 In the banding plane, 
the central plate of the plough is retained as a guide for the 
central positions of the router and cutter, which ai e inserted, so 
as to meet m an angle of about 80 degrees, between two shoit 
projections of the cential plate , the whole of the parts entering 
the groove are compressed witlnn the length of one inch, to 
pass through curvatures of small ladius, there aie vanous 
cutters and fences, both straight and circular, according to the 
nature of the work See Appendix Note A J, page 979 

Fig 343 is a plane which is the link betwixt carpentiy and 


* See H E Palmer s gage for marking center lines —Trans Soe of Arts, 1813 
Yol xxsii p 248 

+ Mr R Ornrns banding plane —Trans Soe of Aits 1817 vol xxxv p 122 
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turning , the conical hole in the plane is furnished with a cuttei 
placed as a tangent to the circle, so that the wood enteis in the 
lough octagonal form, and leaves it rounded, fit for a bioom, an 
umbrella handle, or an office rulei } sometimes either the woik 
or plane is driven by machinery, with the addition of one or two 
preparatory gouges, for removing the rougher parts 

SECT III —MOULDING PLANES 

All the planes hitherto considered, whether used parallel with 
the surfaces, as in straight works, or as tangents to the cuives, 
as m curved works, are applied under precisely the same cneum 
stances as regards the angulai 1 elation of the mouth, because 
the edge of the blade is a right line parallel with the sole of the 
plane, but when the outline of the blade is curved, some new 
conditions arise which interfere with the perfect action of the 
instrument It is now proposed to examine these conditions in 
respect to the semicncle, from which the generality of mould 
mgs may be considered to be denved 

In the astiagal, a, b c, d, e, fig 344, a small cential portion 
at c, may be considered to be a horizontal line, two otlrei 
small portions at 6, and d, may be considered as parts of the 
vertical dotted lines, b f, and d, g , and the intermediate parts 
of the semicircle are seen to merge fiom the horizontal to the 
vertical line 

The reason why one moulding plane figured to the astiagal 
cannot, under the usual construction, be made to work the vei 
tical parts of the moulding with the same perfection as the hon 
7 ontal, consists m the fact that whereas the oidmary plane iron 
piesents an angle of some 45 to GO degiees to the sole of the 
plane, which part is meant to cut, it presents a right angle to 
the side of the plane, which part is not meant to cut Thus if 
the parts of the iron of the squaie rebate plane, which protiude 
through the sides of the stock, weie shaipenecl evei so keenly 
^ they would only sc? ape and not cut, just the same as the sciapmg 
plane with a peipendicular non 

When however the rebate plane is meant to cut at the side , 
it is called the side rebate plane and its construction is then 
just reversed, as shown in the thiee views fig 310 , that is, the 
lion is inserted peipendicuhily to the sole of the plane, but at 
a horizontal angle x cc, o? obliquely to the side of the plane 9 so 
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that the cut is now only on the one side « of the piano and 
which side -virtually becomes the sole A second plane sloped 



the opposite way, is lequired for the opposite side, or the planes 
are made m pairs and are used for the sides of grooves, and 
places inaccessible to the ordinary rebate plane 

In the figures 344 and 845 the square rebate planes 1 and 2, 
will cut the horizontal surfaces a , b, and c, perfectly, because the 
irons piesent the pioper slopes to these surfaces, but m attempt 
mg to plane the vertical line 6/, with the side of 1, we should 
fail, because the cutter is at right angles to that superficies, and 
it would only scrape, or be said to drag The plane 3, when hud 
on its side, would act perfectly on the vortical face, but now it^ 
would be ineffective as regards the honzontal Tlie square 
rebate plane, if applied all lound the semicircle, would bo 
everywhere effective so long as its shaft stood as a radius to the 
curve, m fact as at 2, and 3 as then the angle of the iron would 
be m the right direction m each of its temporary situations 
Butin this mode a plane to he effective throughout, demands 
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either numerous positions of the plane, or an iron of such a 
kind as to combine these several positions 

Theoietically speaking therefore, the face of the cuttei suit 
able to woiking the entire semicircle or bead, would become a 
cone, or like a tube of steel boied with a hole of the same dia 
meter as the bead, turned at one end externally like a cone, and 
split m two parts Fig 347 would repiesent such a cuttei, and 
which just resembles a half round gouge applied horizontally and 
sharpened externally But this theoretical cutter would present 
all the difficulties of the spokeshave iron, as to the tiouble of 
fixing it, its interference with the sole of the plane, and the diffi 
culty of maintaining the form of the mouth of the instrument, 
if made as a spokeshave, owing to the reduction of the cutter in. 
sharpening * 

But as the iron 3, and also the side rebate, fig 346, work 
perfectly well m their respective positions, or when the cutters 
are inclined horizontally , whilst the central iron 2, only requires 
to be inclined vertically, it occurred to me that by employing a 
cutter m all respects as usual , except that its face should be 
curved as in the are connecting the thee 'irons m fig 345, the one 
tool would cut equally well at every point of the cuive, and 
experience proved the truth of the supposition The precise 
fomi of the lion will be readily amved at, by cutting out m card 
the diagram, fig 348, and bending it to a circular sweep, until 
the parts exterior to the dotted lines b /,—d g, just meet the 
spang of the bead, at about the angle of half or middle pitch, or 
30 or 35 degrees fiom the light angle and it will be then found 
necessary to cut away the coiners to the lines b s,—d a, or so 
much of them as dip below the straight surface of the fillet, as 
seen m fig 349 

The author had a plane constructed exactly m agreement with 
the above particulars, that is with an non cuived to about the 
third of a circle, the mouth of the plane was curved to cor 
% respond, and m every other respect the instrument was as usual, 
it was found entnely successful 

The inclination of the tool to each pait of the woik is very 


* The cutter 347 is used for making the cylmdncal i oilers upon which ribbons 
are -wound the cutter is fixed at the end of a slide and is woihed by i lever 
the cylinders are made at two cuts m lengths of 8 or 10 inches and afterwards 
•divided 
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nearly alike, and it assimilates at different parts to eacli of the 
ordinary rebate planes, all of winch work well Namely at the 
crown of the moulding c, to the square rebate planes , at the 
spring b and <£, to the side rebate planes, and at the fillets a b , 
d e , to the skew rebate And notwithstanding the fluted foim 
of the iron, no greater difficulty is expenenced in sharpening the 
iron m the new form like a gouge, than m the old like a chisel, 
the figuie of the end being nearly alike m each case* 

As all the imperfections m the actions of moulding planes occui 
at the vertical parts, there is a general attempt to avoid these 
difficulties by keeping the mouldings flat 01 nearly without vei 
tical lines For example, concave and convex planes, called hoi 
lotos and rounds , include generally the fifth or sixth sometimes 
about the third of the circle, and it is principally in the pait 
between the third and the semicircle that the dragging is found 
to exist, and therefore, when a large part of the circle is wanted, 
the plane is applied at two or more positions m succession 
In a similar manner large complex mouldings often require to 
be worked from two or more positions with different planes, even 
when none of their parts are undercut, hut m which latter case 
this is of course indispensable And in nearly all mouldings the 
plane is not placed perpendicularly to the moulding hut at an 
angle so as to remove all the nearly vertical parts, as far towards 
the horizontal position as circumstances will admit 


The above forms of cutters suggested for mouldings are each applicable to 
most mouldings but from their nature they are too troublesome for ordinary use 
For instance we may employ a cutter such as 347 the lower surface of which 
as m 350 is the astragal or any other moulding the general slope oi chamfer 
will cause the tool to cut at the fillets and at c which parts are horizontal but 
the lines of the mouldmgs which are vertical require the tool to be fluted to 
obtain the horizontal angle x shown m dotted lines in 351, and theie is all the 
inconvenience of the nearly horizontal position of the spokesha's e iron 

The iron when sloped at the accustomed angle of pitch requires to be convex: 
for a convex moulding and to be sharpened behind and by the converse foi a 
concave moulding the tool must be also concave and sharpened m front and all 
vertical lines m the moulding require the cutter to be fluted as m fig 351 at x m 
Mixed or flowing mouldings will require on the same principle the cutter to have 
nearly the sections of the mouldings and to be sharpened always m front m the 
spokeshave form of iron, but partly m front and partly behind m the sloping 
irons but these conditions are far too complex except m some favourable cases 
The cutters are always made fiat on the face and to lessen the difficulty, the 
mouldings are drawn shallow with but few or no veitical parts, or else they are 
wrought by two or more diffeient planes 
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Thus the plane for the moulding, fig 352 would liave its stock 
peipendicular to the dotted Ime a l connecting the extieme parts 
of the moulding, the angular 
deviation being generally cilled 
the spnng The spring is also 
partly determined by the position 
which is most favourable to the 
maintenance of the foim of the 
cutter m sharpening it, as the 
obliquity of the sole of the plane 
causes the cutter, when advanced 
through it, also to shift sideways 
and cause a disagreement between 
their figures 

In the act of working, or, as it is called, m sticking the mould 
mg the wood is alwaj s first accuiately squared to its dimensions 
to sene as a guide, and it is then sometimes roughly bevelled 
neaxly to the line a l , the pi me is applied m the dotted posi 
tion, the blank edge o of the plane, lests against the edge of 
the pieparei wood, and determines what is called the “ on of 
the moulding, that is, how far the plane can pioceed upon the 
wood, and the planing is continued \ertically until the blank 
edge cl stops the fuithei action, or determines the “ clotvn 9 ’ by 
resting upon the solid wood beneath it In some cases where 
the planes are unpiovided with fences or blank edges, or that 
they are applied m places where fences m the ordinary form 
are inapplicable, a slip of wood is nailed down for their guid 
ance, as m fig 334, page 485 

Wide moulding planes have been occasionally worked by two 
individuals, one to guide and thrust as usual, the other to pull 
with a rope Ihe top iron is however absent from the whole of 
the group if we except the capping plane used for the upper 
surfaces of staircase rails* which aie faintly rounded ihe 
^absence of the top iron is partly compensated foi, by the pitch 
of moulding planes being, as stated on page 482, about 10 
degrees moie upright than m bench planes for the same mate 
nals Ihe angles and edges of many of the small planes arc 
box slipped , that is, slips of boxwood are inlaid m the beech 
wood, m order that the piojectmg edges oi the quirks may 
possess greater durabilitj 
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SECT IT—REMARKS ON THE BENCH, AND TJSE OF THE PLANE 

It is not the present intention to resume the consideration of 
the jomer s planer m this woik, it therefore appears desirable 
beforequittmg thesubject to add a few instructions respectmgthe 
modes of keeping them m order, and of using them in which 
some kind of bench or support for the work is always required 

The benches aie made m various ways, from a few lough 
boards nailed together to the structure shown m fig 353, which 
represents one of the most complete kind of cabinet makers 
benches, carefully connected by sci ew bolts and nuts its surface 
is a thick plank planed very flat and true, with a trough to 
receive small tools, without interfering with the surface of the 
bench 


h 



The wood to be planed is laid on the bench, and is stayed by 
an iron bench hook a which is fitted in a mortise, so that it*r 
may be placed at any required elevation, or flush with the sur 
face of the bench The bench hook has teeth projecting from its 
face, intended to stick into the wood, and retain it from mo\mg 
sideways , but to avoid the injury which would he inflicted by 
the teeth on nearly finished works, there is also a square wooden 
stop by fitted tight into a square mortise Ihese are shown 
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removed, and on a much larger scale, at the foot of the engraving, 
the same letters of reference being repeated 

The two side sciews c, d , constitute with the chop 6, a land of 
vice, the screw c, simply compresses, the sciew cl, has a piece/, 
called a garter (shown detached), which enters a groove m the 
cylindrical neck of the screw d,so that when the sciews ai e both 
opened, d serves to bring the chop e outwards The chops are 
greatly used for fixing work by the sides or edges, and as they 
open many inches, small boxes, drawers, and othei works, may 
be pinched between them 

There are other constructions of benches which it is unneces 
sary to describe, some have only one of the screws c, d, the 
other being replaced by a square bar fixed m e, and many are 
not furnished with the end screw g, which draws oat the sliding 
piece h, that is very carefully fitted The end screw selves also 
as a vice for thm works which aie more conveniently held at 
right angles to the position of the side screws, but its moLe 
valuable purpose is for holding work by the two ends, which 
mode is exceedingly convenient, especially in making gioo\es, 
rebates, and mouldings, as the work is m no danger of slipping 
away from the tools There are several square holes along the 
front of the bench, for an lion stop %, which has a perpendicular 
and slightly roughened face, and a similar stop^, is also placed 
m h, and as the latter slides a quantity not less than the interval 
between the holes, pieces of any length below the longest may 
be secuiely held 

For holding squaied pieces of wood upon the bench, as m 
making mortises or dovetails, the holdfast k is used m the 
manner shown, it is an L formed iron, the straight arm of which 
fits looselym a hole m the bench, the work is fixed by driving 
on the top at k, and it is released by a blow on the back at l 
Sometimes also the holdfast is made m two paits jointed toge 
tlier like the letter T, with a screw at the one end of the 
tiansveise piece, by vlnch the work can be fixed without the 
hammer, but the former mode is far more common and is suf 
fluently manageable And m is a pm which is placed m any 
of the holes m the leg of the bench, to suppoit the end of long 
bonrds,whicharefixed at their other extremity by the sciews c d 
We Will now proceed to the management of the planes Sec 
Appendix, notes A K, A L, and A M, pp 979 and 980 
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Of the tench planes enumerated in the list on page 470, the 
following are most geneially used, namely the jack plane for 
the coarser work, the tiymg pi me for giving the woik a better 
fin-are or trjmg its stiaightness and accuracy and the smooth 
mg plane foi finishing the suiface without detracting from the 
truth obtained by the trying plane Sometimes when the wood 
is very rough and dirt), two jack planes are used still moie to 
divide the work, and these instruments aie managed in the 
following manner 

The lemaiks on pages 477 8 explain that, for long planes, the 
iron is released by a blow of the hammei on the top of the plane 
at the fiont the smoothing, and all short planes are struck at 
the back of the plane, and neiei on the top, or the wedge may 
be tapped sideways, and pulled out with the fingers 

The top non is then removed, by loosening the screw, and 
sliding it up the mortise, until its head can pass tlnougli the 
circular hole in the cutting iron 

The plane iron having been ground to an angle of some £5 
degrees with the stone running towuds the edge, it is next 
sharpened at an angle of about 35 degrees on the oilstone The 
iron is fiist grasped m the right hand, with the fore fingei only 
above and near the side of the iron, and with the thumb below, 
the left hand is then applied with the left thumb lapping over 
the right and the whole of the fingers of that hand on the sui 
face of the non the edge should be kept nearly square across 
the oilstone as when one corner precedes the other the foremost 
angle is the more worn 

When the iron is required to be veiy fl it, as for the finishing 
planes the surface of the oilstone should be kept quite level, and 
the blade must he held at one constant angle, hut when it is 
required to be round on the edge, a slight roll of the blade is 
required edgeways, lastly the flat face of the iron is laid quite 
flat on the oilstone, to remove the wire edge, and if required, 
the edge is drawn tlnougli a piece of wood to tear off this film, 
after which the iron is again touched on the oilstone, both on 
the chamfer mi flat surface, as the edge when finished should 
be perfectly keen and acute 

The iron is frequently held too high to expedite the shaipen- 
mg it is cleai, that should it be elevated above 45°, or the pitch 
of the plane,thebevil would be m effect reversed, and itcould only 
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act as a buinishei exactly at 45° the keen edge would be soon 
worn away, and tlie condition of the burnisher would lemain , 
and witlnn certain limits, the lower or thinner the edge is sharp 
ened the better Perhaps the angle of 35° which is assumed, is 
as favourable as any, as if the edge be too acute the durability 
greatly decreases and theiefoie some legaidis also shown to the 
degree of wear and fitigue the non is called upon to enduie* 
The edge of the lion is likewise giound to different/o? ms ac 
coiclmg to the work, thus, the jack plane rs found to woik more 
easily when the iron is rounded as an arc, so that whether it 
pioject m the center more or less than one sixteenth of an mch, 
the common measure, the angles of the iron should sink down 
to the sole of the plane at the comers of the month 

The ease thus afforded appears moie or less due to thiee causes 
The rouuded iron makes its first penetration more easily, as it 
commences as it were with a point, or very narrow edge the 
non has to penetrate the wood as a wedge first to cut and then to 
bend the shaving, and it is likely that the reduction of labour m 
the cutting, by the narrow portion of the edge "being employed, 
is greater than the increase, m bending a tlnckei bnt narrower 
shaving and lastly the cnived iron distantly approaches the 
condition of the skew non, and in. all inclined blades there is a 
partial sliding or saw like motion, which is highly favourable to 
cutting Tlie lions for the finishing planes, although shaipened 
as flat as possible at other parts, are faintly rounded at the 
coineis to pi event their leaving maiks upon the wood 

JLhe cutting non having been sharpened, the top iron is 
scicwcd fast at the lequired distance fiom the edge, say for 
coarse works one sixteenth, and for fine work, one fortieth or 
fiftieth of an inch Tlie compound iron is placed m the mouth 
of the plane, and the eje is directed from the front along the 
sole, to see that it projects uniformly and the requned quantity, 
the wedge is then put m with the right hand, and slightly tapped 
with the hammer Tf this should by chance carry forward the 
iron also, a blow on the back of the plane at h 9 fig 320, p 477, 


* When tlie minute chamfer of the plane iron is almost paiallel with the sole 
of the plane it will for a short time he entirely effective Thus as an experiment 
chive the iron a very small quantity through tlie sole and sharpen it by allowing 
the oilstone to rub both on the edge and on the wood behind this will produce a 
very accurate edge and the iron when set back will cut "beautifully 
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or on the upper suiface of the long planes at i partially with 
dr iws the non. andm this manner hy a few slight blows on the 
end or either edge of the iron, and on the end of the wedge, the 
adjustment is readily effected Violence should be avoided, as 
the wedge if overdriven might split the plane, and long befoie 
that it would distort the sole and drive the hack wood up, which 
means that the wood behind the iron would be duven so as to 
stand slightly m advance of that before the iron, the twopaits 
of the sole becoming slightly discontinuous or out of line The 
non should be alwajs so slendeily held, that one or two mode 
rate blows would release the iron and wedge 

There is a very ingenious modification of the double non 
plane,* m which the cutter is a thin unperforated blade of steel 
placed between a brass bed and an iron top piece , the cutter, 
instead of being fixed and adjusted m the ordinary manner by 
taps of the hammer, is managed by the quiet action of various 
screws 

In a plane patented in America, in 1832, the bottom or cutting 
iron is made as usual, but without anj mortise, the top non has 
a thumb screw at its upper end, and moves on two lateral pms or 
fulcrums J inch from its lower edge the pms fit into two grooved 
pieces of metal let into the sides of the plane the lengths of the 
grooves exactly determine the situation of the top iron When 
therefore the cutter is placed in its required position, the thumb 
screw is turned, it bears on the upper part of the cutter, and 
tilts the top iron, until its lower edge also bears hard against the 
usual part of the cutter, and thereby fixes it without a wedge 

The mam hindiances to the geneial employment of these 
constructions appear to he their mere ised cost, and the great 
dexterity with which the required adjustments are accomplished 
hy the accustomed hand with the apparently rude, yet sufficient, 
means of the hammer (• 


The planes being lespeetively in good working condition, the 
hoard to be planed is laid on the bench, and if it should be 
obviously higher, either at the opposite corners from being “m 
winding, or m the middle, or at the edges from being “cast and 

* Invented hy Mr H Bellingham See Trans Soc of Arts, 1836 vol li 
t The same lemark applies to Mi F E Franklin s Screw Bench Hook, (idem 
■vol Ini ) intended to supersede a or j fig 353 page 494 
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rounding,’ these partial prominences are first lemoved with the 
jack plane, but in geneial the shavings should be of the full 
length of the work, or at any late a yard long 

The toat of the pi me is held m the right hand, the fiont 
being grasped with the left hand, the thumb towaids the woik 
man, the planes require to be pressed down on the work during 
the cut, this is done less by an exertion of the muscles, than by 
slightly inclining the body, to cause its weight to lest partly 
upon the plane Duungthe letuiu stroke, the pi cssuie should 
he discontinued to avoid faction on the edge, winch would be 
thereby rounded, and there is just an approximation to lifting 
the heel of the plane off the work or m shoit pieces it is 
entirely lifted The general attempt should be to plane the 
work somewhat hollow, an effect which cannot however really 
occur, when the plane is proportionally long and quite straight 
The sole of a long plane is in a great measure the test of the 
straightness of the woik, thus when the rough outside has 
been removed with the jack plane, the trying plane is employed, 
which is set with a much finer cut, and the woikman will m a 
great measure tell the condition of the suiface by the continuity 
and equality of the shavings It is however also needful to 
examine its accuracy with a straight edge the edge of the 
plane applied obliquely across the boaid is m general the 
pi unary test, hut as the work appioaches to peifcction the 
straight edge is laid parallel with the sides of the work, and also 
diagonally across it, and towards the last, the woik if small is 
raised to the level of the eye, or m large pieces, the woikman 
stoops to attain the same relative position 

In using the straight edge the woikman is paitly guided by the 
eye, or the line of light that is observable between the mstiu 
ment and the work, and partly by the sense of touch, as lie 
tries whether the straight edge, when it is very slightly rotated 
as on a center, bears hardest at the ends or m the middle, and 
„ lie applies the plane accordingly * 


* The straight edge is Bimply a wide thin bar of wood or mot'll made as accn 
rately straight tb possible tho tiuth of a straight edge can be only piovul by tho 
examination of a seats of at least three Thus, supposing A to bo perfect, B to 
be slightly concave and C to be slightly convex it might happen that B and 0 
exactly agreed but A could not agree with either of thorn 
Or supposing A to be concave exactly hko 13 or to become -S', then B and C 
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The foregoing mode refers to surfaces of moderate width, but 
when the pieces are narrow, or two or more distant parts alone 
are requn ed to be in one level, the winding sticks are employed 
These aie two straight edges, say twenty to thirty inches long, 
which are placed transversely upon the ends of the woik and 
paiallel with each other, they receive then direction fiom the 
respective ends or transverse sections, and should these be 
inclined to each other, or m mndmg instead of paiallel, the 
winding sticks would magnify the erroi Tins is explained by 
the diagram fig 854, the eye placed on the level of the lrnagi 
nary plane, bounded by the edges a b c d, of the winding sticks, 
would find the edge of a b exactlj paiallel with that of c d , but 
if c d were situated as in the dotted lines the disagreement of 
position arising from the twist or inclination of the edge would 
he immediately appaient It is important that the winding 
sticks should he paiallel, as then the eye may he directed to 
then uppei edges, thereby avoiding the interference of the woik 
itself If the woik be perfect the two sticks appear in exact 
parallelism, when from the foreshoitemng, c d, is nearly eclipsed 



Nearly all the works m caipentry are first prepared as paral 
lelograms of vanous proportions, whether they are to be subse 
quently used m that simple foim, or to be woiked with grooves, 
rebates 01 mouldings , or to be connected by joints of various 
lands We will now follow np the formation of one flat surface, 
hy explaining the order m which to pioduce the three pairs of 
parallel rectangular surfaces in fig 655 namely, A a, the two 
faces, B 6, the two sides, and C c, the two ends, and in this 
and eveiy work possessing flat surfices, it is of the utmost 
consequence that one face A , should be first wrought m the 
most careful and exact manner as above described, to serve 

would also agree but B and B would disagree therefore the rectilinear form can 
only be proved to exist when A JB and C will bear a strict comparison in each 
binary combination 
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as tlie foundation or base from winch all the other measuies 
are to he successively denved 

The works are generally sawn out a tnfle above the lcquued 
sizes, and the subsequent modes of proceeding depend upon 
the proportions of the pieces, 01 whether they are thick as m 
carpentry, 01 thin as m jomeiy and cabinet making In thick 
pieces, after the face A,has been planed quite flat,the side Bis 
next wrought, and a short square is used to examine whether 
the two aie exactly at light angles for tins purpose the stock 
of the square is rested against A, and the blade on B at various 
paits of the work, or indeed the square is slowly tiaversed to 
ascertain that the angle is everywhere in. agreement with the 
square The angle A B, is then marked with pencil lines 
extending on the face and side, to denote that this angle is to 
serve as the foundation for the subsequent measures 

Befoie proceeding to pi me the second face cv , the maikmg 
gage, fig 342 p 4.87, is adjusted until its point stands exactly 
ns far from the head of the gage as the intended thickness of 
the work The gage is then nibbed forcibly against tlic finished 
face A, so as to sciatcli a line on the edges of B b indicative ol 
the intended new suiface a , and winch is then woiked with the 
same care and precaution as its companion A Aftei tins b, is 
similarly woiked, when the width of the faces A a , have been 
also scored by the marking gage applied against the true side B 
In planing a and b the square is applied fiom B and A respec¬ 
tively, to ensuie the rectangular forms of the edges, and the 
gage is also used togethei with the square to test the parallelism 
of the woik, and lastly, the ends G c are marked on all four 
sides with the square, piepaiatory to the use of the saw, oi the 
formation of the tenons, mortises, oi dovetails by which the parts 
aie attached When the woiks are planed with rebates, grooves, 
oi mouldings, the squaring up of the four sides is always the 
preliminary step, although m some cases the principal attention 
is devoted to the two surfaces A B especially when they arc only 
required to serve foi the attachment of other parts ol the woil 

In squaring up woiks eut out of thin plank, the mode is cl if 
ferent the pit saw leaves the board nearly parallel, and when 
the piece has been cut out with the hind saw, the face A is first 
hied up, that is, collected with the trying plane, the piece is 
next gaged to thickness, either at the ends only, or on all four 
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edges, and the second face a, is planed up The rectangular 
piece is next fixed in the screw clamp of the bench with the 
edge JB upwards, and which is made quite straight with the 
trying plane mits ordinary position, and tested with the square, 
the two ends C c, are next marked off with the square, and 
planed fiomthe corrected edge B, and lastly b is gaged and shot 
down to the width By these means, should the fibies have 
been split, or s palled off in shooting the ends, the removal of 
the edge b, as the last piocess would coirect the evil There 
are some very useful contrivances employed in planing the edges 
of thin works, and which will be next adverted to 

In squaring or shooting the edges of boards, the shooting board 
drawn in figs 356 and 357, is very much used, it is a contnv 
ance to enable the side A of the work (the ends of which are 
shaded m each of these views), to be laid fiat on a bed e, whilst 
the plane lies on its side, either on the bench, or upon the 
additional piece/, and provided the shooting board is parallel 
and straight, and that the sole of the plane is at right angles to 
its side, the rectangular forms of the edges are much more 
readily attained The work is, nevertheless, examined with the 
square, as if the set of the iron be imperfect it will introduce a 
little error and which is corrected by tapping the iron sideways, 
to coirect its position 



In squaring the ends G c, the transverse block g of the shooting 
hoard is the rectangular gage, and the cross piece also paitly 
supports the fibres from teanng away, for bevils corresponding 
blocks are fitted to it as represented at h, but the mitie, or the 
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angle of forty fire degrees there shown is the one principally 
required To plane the edges, B or C, to the mitre or other 
angle, the respective beds upon which the work and plane are 
supported are required to he to each other in that paiticular 
angular relation, as m figs 358 and 359, which repiesont the 
mitre block for angles of forty five degrees 

These contrivances of external fences materially assist m pieces 
much narrower than the face of the plane, and the order m which 
the six faces are dressed, is very closely followed, although with 
different tools, in other arts, in which the works consist of like 
surfaces requiring a similaily stuct 1 elation to each other 

SECT V-PLANING MACHINES FOE WOOD 

In using hand tools the instrument rests immediately upon 
the face of the work under formation, and m repeating any one 
result, the same careful attention is again required m every 
successive piece But it was explained m the last chapter, that 
m the machines acting by cutting, the accuiacy is ensured far 
more readily, by running either the woik 01 the tool, upon a 
straight slide, an axis, 01 othei guide, the peifection of winch has 
been carefully adjusted in the firstfoimation of the machine, and 
the slide or movement copies upon the woik, its own relative 
degi ee of perfection The economy of these applications is there 
foie generally very great, and theyaie frequently most mtc resting, 
on account of the curious transitions to be observed from the 
hand processes to the machines, m some cases with but little, m 
otheis with considerable change in the general mode of procedure 
The first planing machine for wood is supposed to have been 
that invented by G-oneial Bentham, who took out a patent for 
it m 1791 , it was based on the action of the ordinaiy plane, 
the movements of which it closely followed This conti mnee 
reduced the amount of skill required in the workman, but not 
that of the labour, it appears to have been but little used 
The boaid to be planed was sometimes laid on a bench, at other 
times fixed by long cheeks having teeth which penotrak d its 
edges, the non of the plane extended the full width of the board, 
and the stock of the plane had slips to lest on the bench and 
check the cutting action, when the boaid was reduced to the 
intended thickness, much the same as in the reglet plane, fig 310 
For feather edged boards, the tv; o slips were of unequal 
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thicknesses, for those intended to be tapei m their length, the 
guide rails had a corresponding obliquity, and weie fixed to the 
bench The plane was moved to and fio by a crank, it was 
held down to its woik by weights, and the plane was lifted up in 
the back stroke to remove the fuction against the cutter 514 

Th e scale boa? d plane , abbreviated into scabbao d plane for 
cutting off the wide chips used for making hat and bonnet boxes, 
is, m like manner, a plane exceeding the width of the boxrd, it 
is loaded with weights, and dragged along by a rope and wind 
lass, the projection of the iron determines the thickness of each 
shaving or scale board This construction is also reversed, by 
employing a fixed non di awing the wood over it and letting the 
scale board descend through an apeiture m the bench, each of 
these modes is distinctly based on the common plane See 
Appendix Note A N , page 981 

The late Mr Joseph Bi xmah took out a patent m 1802 foi 
a planing machine foi wood , one of which may he seen m tile 
Gun Carriage Depaitment, Woolwich Aisenal The timbei is 
passed under a large horizontal wheel, duven by the steam 
engine at about ninety revolutions per minute, the face of the 
wheel is armed with a senes of twenty eight gouges, placed hon 
zontally and in succession around it, the first gouge is a little 
more distant from the center, and a little more elevated than the 
next, and so on The finishing tools are two double irons just like 
those of the joiner, but without the advantage of the mouth 

Mr Bramah employed the principle of his famous hydrostatic 
press (patented m 1791), both for raising the cutter wheel to suit 
the diffeient thicknesses of wood, and also for tiaversmg the 
timber under the cutters upon guide rails, the latter, by means 
of an endless chain connected with the piston of the pump, by a 
lack, pinion, and drum The bottom of the axis of the cutter 
wheel is cyhnducalto the extent of its vertical adjustment, and 
is fitted in a tube terminating at its upper part m a cupped 
leather collar impelvious to oil or water as m the hydrostatic 9 
press The injection of water into the tube by a small force 
pump, lengthens the column of fluid, upon which the wheel is 
supported as on a solid post, the descent of the wheel is effected 
by allowing a portion of water to esc ipe by a valve 1 

* See fche Encyclopedia Metropolitana &c &c 

+ Mr Biamahs patent includes many modifications of fixed and revolving 
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A moie recent machine for planing flooring hoaids and other 
wood works, consists of a series of knives placed paiallel with, 
and around the axis of, a small cylmdei, the koaid is passed 
underneath the cutter whilst it is in iapid motion, this maybe 
called an adzing machine, and the knives ate of the full width 
of the board 

In Mi Muir’s patent planing machine for flooring hoards, a 
rotary adze roughly planes the bottom mother opeiates on the 
top of the boaid, afteiwaids, two oblique fixed cutters, like the 
skew rebate irons hut with top lions, remove each a shaving of 
the full length and width of the deal, two cutters make the 
sides parallel, and two others groove the edges for the tongues, 
or m fact, these are four revolving planes or saws m older to 
expedite their effect The board enters the machine as left from 
the saw mill, it is thrust forward by the engine, and comes out 
very speedily m a condition nearly ready for fixing, the eight 
operations being simultaneous, but sometimes a little finishing 
with the hand smoothing plane is leqiured at those parts wheie 
the gram is unfavourable to smooth cutting Other machines, 
by Paxton, by Buinett and Pcrjer, and others, are used for 
preparing sash bars, and similar woiks * See Appendix, Notes 
AO (LAP, pages 981 & 982 

The piecedingmachines aie mostly intended to woikm&the 
gram, and I am only acquainted with one lectilmcai planing 
machine that is exclusively intended foi cutting across the gram, 
namely, the moitismg engine, one of the senes of machines 
erected at Portsmouth m 1807, b} Mr Biunel, for the maim 
facture of ships blocks I 

A hole is first bored thiougli the block at the commencement 
of the intended groove for the sheave, and it is extended by the 
successive action of a mortising or paring tool, which ndts 


oufcbera for planing and cutting wood and metal works also a machine foi iummg 
«I>heios and for cutting wooden bowls one out of tlie otliex and likewise oth< i 
•mochanical contuvimces &ee Specification Gregoiy s Mocliuucs vol xi p 415 
* Seethe descuption of Paxton s machine liana See of Aits vol lux p S)7 
see also specification of Biimetb and Poyei s patent 
The reader is likowise lofeued to the foot note page 32 vol i, on Tayloi s 
patent machine foi chopping out the staves foi casks a similar mode was pio 
viously employed foi chipping into fxagmenLs the dyo woods the logs of which 
fell against the revolving disk thi ought an inclined shoot 
f Now Sir Maik Isambard Biunel 
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perpendicularly up and down, just before the tool descends, the 
block is traversed a quantity equal to each cut or shaving 

The cutter is made cylindrical, and is formed just like a 
quill pen, but sohd and with an elliptical cutting edge instead of 
the points “The chisels are provided with small teeth which 
are fitted into dove-tailed notches formed m the blade of the 
chisel These are called scnbers, they have a sharp edge pro¬ 
jecting a short distance beyond the inside edge of the chisel, 
andtherefore in descending through the mortise, the scnbers cut 
the sides of the mortise fair, and make two clefts which separate 
the chip (which will be cut out at the next stroke), at its edges 
from the inside of the mortise, so that the chip comes out clean 
without splitting at the edges, and this makes the inside of the 
mortise as clean and smooth as possible * A. hole is drilled 
nearly in the axis of the cylinder, foi the insertion of a pin, by 
which the shavings are thrust out when they happen to clog 
the hole 

By forming the tool of a semicircular section and with two 
small fins, or edges projecting at right angles from the ends of 
the diameter, and then sharpening it so that the diameter 
becomes a straight chisel edge, the scribing points are formed 
m the sohd with the chisel, and are continually restored as the 
toolis sharpened The tool is then perfectly analogous to fig 834, 
page 485, if we suppose the plane condensed into a long chisel 
of semicircular section, equal to the diameter of the hole, the 
progressive elongation of which it has to effect 

There are manyuseful applications of revolving figured planes, 
moving through curved paths, by which we obtain figures of 
double curvature, as explained in. the theoretical diagram, 
fig 317, page 464 Mr Brunei introduced an example of this 
m the scoring engine, one of the machines recently adverted 
to, for the manufacture of ships' blocks 

It is intended to form the groove around the "block, for the 
rope by which it is attached to the rigging The revolving plane, 
is a disk of brass with a round edge and two cutters, inserted 
at an angle of about 30° with the radius , it traverses around 
the one side of the block, and receives its direction from a 
shaper plate or pattern placed parallel with the block, by which 


* Rees s Cyclopedia article f Machinery for manufacturing Ships Blocks. 
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arrangement the cutter makes the groove deep at the ends, hut 
shallow where it passes the pm or axis of the sheave The same 
method has been subsequently extended to shaping the entire 
block with cutters of the full width, applied at foui times * 


These several machines are compounds of slides and guides, 
and of fixed or revolving planes the relative degrees of perfec 
tion attained, depend on the stability of the machines, and their 
respective agreement with the pimciples of the ordinary hand 
tools, which aie generally themselves, the last stages of a long 
series of gradual improvements 

But the absence of some of the true characteis of the plane, 
m neatly the whole of the machines for wood, namely, the propei 
obliquities of the iron the frequent want of the mouth of the 
plane, and of the top or breakei iron, which so greatly restrains 
the splitting and tearing up of the fibres prevent the machines 
from producing, m the softer woods, the smooth finished work 
of hand tools, m the management of which the judgment of the 
operator can be employed to combat the peculiarities of fibie 
But the enormous pioductive powers of such machines, out 
weigh these drawbacks, and the more especially so, as the 
general forms or outlines aie lepeated by them m a most exact 
manner, and a little after trimming by hand imparts the neces 
sary finish 

In speaking of the apparatus for ornamental turning, there 
will be occasion to show that these same principles aie strictly 
embodied m miniature, m the vanous parts of the complex lathe 
for ornamental turning, hut as the hardwood and ivory therein 
generally used, admit of the employment of scraping tools, not 
requiring either the obliquity of the cuttei, or the mouth of the 
plane, the above objections do not apply to them, and tlieir seveial 
results exhibit a much nearer approach to peifection 


* * In revolving planes for wood the cutters should always present an obliquity 
of about 30 to the radius otherwise 01 when the cuttei s are placed radially they 
only scrape or act like saws Some of those planes are made of one disk of steel 
in which case there are four five or six openings like the mouths of rebate 
planes the one side of each wedge or cutter is now a part of the circumference 
the other is elevated some 20 or -50 degrees thereby resembling the spokesliave 
iron Ihis form of cuttei, although nearly perfect is very expensive, and difficult 
to maintain in oi der 
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CHAPTER XXIV 

TURNING TOOLS 


SECT I—FACILITY Or TURNING COMPARED WITH CARPENTRY 

Thf process of turning is accomplished with considerably 
more facility truth, and expedition, than any other process 
requiring cutting tools because m the most simple application, 
of the ait the guide principle is always present, namely, that of 
rotation The expedition of the process is due to its being un 
interrupted or continuous, except as regards the progressive 
changes of the tool, and which is slowly traversed from pait to 
pai t, so as to be nearly always in action 

To choose the most simple condition, let us suppose the 
material to be m rotation upon a fixed axis, and that a cutting 
tool is applied to its surface at fifty places Provided the tool 
remain quiescent at one place, for the period of one revolution of 
the matenal, the parts acted upon will etch become one circle, 
because the space between the tool and the axis is for a period 
constant, and the revolution of the matenal converts the distance 
of the tool fiom the center, into the radius of one cncle, and the 
same is equally true of the fifty positions 

The fifty ciicles will be concentric, or parallel with each other, 
because the same axis extended, or continued as a line, remains 
constant, or is employed foi each of them and therefore con 
ceivmg the fifty circles to be as many parts of the outline of a 
vase or other object simple or complex it will be strictly 
symmetucal, or equidistant fiom the central line atconespond 
mg parts # 

Each of the fifty circles will also become the margin of a 
plane at right angles to the axis, and which axis being a straight 
line, the whole of the circles will be parallel, and therefore the 
top and bottom of the vase will be also exactly parallel And yet 
all these accurate results must inevitably occur, and that without 
any measurement, provided the matenal 1 evolve one on fixed 
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axis, and that the tool is for a short period constant or stationary 
at each part of the surface, conditions inseparable from the 
turner s ait 

The principle of rotation upon a fixed axis, removes the 
necessity for many of the steps and measurements required to 
produce with accuracy the various angular solids employed m 
carpentry and many other aits For example, at page 501 the 
methods were explained by which the joiner produces the tlnee 
pairs of parallel surfaces A a, B b, C c, of fig 355, and which 
are generally requned m each separate piece of his work And 
m making a box he has to combine six such pieces with the 
same relations of parallelism, and therefore thirty six various 
surfaces have to be operated upon, to obtain the hollow cube, or 
the carpenter’s box 

The turner s box consists of two pieces, m place of six, as the 
bottom and its four sides aie resolved into one piece, when of 
wood, by nature in the forest when of metal, by man m the 
ciucible The suifaces are therefore reduced fiom thirty six to 
eight, namely the inner and outer surfaces of the bottom and 
lid amounting to four, and the inner and outer sides or margins, 
amounting to four also, and the revolution of the work upon one 
axis places the eight m exact and tiue ielation with extreme 
rapidity 

For example, the ends or terminal planes of the box, are from 
necessity at right angles to the axis of rotation, and parallel 
with each other In each of these superficies the question of 
being m or out of winding ceases, as if straight, they can only 
be planes or cones, and which the one straight edge immediately 
points out 

The principle of rotation ensures circularity in the work, and 
perpendicularity or equality as regards the central line, it only 
remains, therefore, to attend to the outline or contour The 
right line serves to produce the cylinder, which is a common 
^outline for a box, and the employment of mixed, flowing, and 
arbitraiy lines, pioduces vases and ornaments of all lands, the 
beauty of which demands attention alone to one single element, 
or conception, namely, that of foim, and m the choice and 
production of which a just appreciation of diawmg and propor 
tion gieatly assist 

In the ait of diawmg, it is almost essential to the freedom of 
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the result, that the lines should be delineated at once, and 
almost without after correction m the art of turning, it is 
always desirable to copy a drawing or a sketch, but having 
nearly attained the end, the tool may be continually re applied, 
paitiall} to remove any portions which may appear redundant, 
until the most scrupulous ej e is satisfied 

The combining of the several parts of turned objects, as the 
separate blocks of which a column or other work is composed, 
is greatly facilitated from the respective parallelism of the ends 
of the pieces of which turned objects consist, and the circular 
tenons and mortises, whether plain or screwed, place the differ¬ 
ent pieces perpendicular and central with very little trouble 
These several, and most important facilities m the art of 
turning are some amongst the many reasons for its having 
obtained so extensive and valuable an employment m the more 
indispensable arts of life, as well as m its elegances 

The relative advantages of the different sections of the tree, 
as regards the works of the turnei and carpenter, were explained 
with figures in the fifth chapter of Yol I at pages 49 and 50, 
where it is shown that, from various reasons, the tiansverse 
section of the entire tree or branch is the most generally pioper 
for the lathe and therefore in turning the tops and bottoms of 
works, as m figs 13 and 14, page 40, Yol I we aie cutting 
across the ends of the fibres, and m turning the sides of the 
same we are, as it were, proceeding across the width of a plank 
or boaid 

The tools used m turning the woods act much m the manner 
of the blades of the carpentei s planes, but as we have now, at 
all times, a circular guide m the lathe mandrel, we do not 
requue the stock of the plane or its rectilinear guide Although 
if we conceive the sole of the plane applied as the tangent to 
the circle, the position it would give is nearly retained, but we 
are no longer encumbered with the stock oi guide In turning^ 
tools for soft woods, the elevation of the tool, and the angle of 
its edge are each of them less thamn oidmary planes, and in 
those for the haid woods both angles are greater 

For example, the softest woods are turned with tools the 
acute edges of which measure about 20 to -10 degrees, and aie 
applied nearly in coincidence with the tangent, as m fig 3fi0 
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These tools closely assimilate to the spokeshave, which, is the 
plane of the lowest pitch and keenest edge On the contrary, 
the hardest woods maybe turned with the above soft wood tools, 
applied just as usual, but on the scoie of economy and general 



convenience, the edges are thickened to from 00 to 80 degrees, 
and the face of the tool is applied almost horizontally on the 
lathe rest, or as a radius to the circle, as m fig 361, thus 
agieemg with the opposite extreme of the planes, m which the 
cutter is perpendicular and much less acute, as m the scraping 
and toothing planes, which are only intended to scrape and not 
to cut 

The hard wood tools maybe figured, and employed as scrapers 
in turning the members of the capital or the base of a column, 
or similar object m hard wood or ivory, but if we try the same 
tools on deal, ash, and other soft woods, we shall m vain attempt 
to produce the capital of a column, or even its cjlmdncal shaft, 
with a thiek horizontal tool as m hard wood, for the fibies would 
not be cut, but forcibly torn asunder, and the surface would be 
left coarse and raggei 

But a leferenee to the planes with which the joiner proceeds 
aw oss the fibies of deal, will convey the particulais suited to the 
present case, the non is alwa}s thin and sharp, and applied m 
an oblique manner, so as to attack the fibre fiom the one end, 
and virtually to remove it m the direction of its length 

It is proposed now to describe some of the more important of 
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the turning tools commencing with those employed on the soft 
grained woods, hut it would be both hopeless and unnecessai} 
to attempt the notice of all the varieties which are to be met 
within the hands of different individuals, and as their prac 
tical applications will he entered upon in detail m the sue 
ceedmg volume, only so much will be here advanced as it is 
hoped may serve to explain the modifications of the geneial 
principles of cutting tools, to some of the more usual purposes 
of turning To avoid repetition, it may he obseived, that m 
genera] the position of the tool for turning the cylinder, and 
secondly that for the flat surface or plane, will be alone de 
scribed For works of intermediate angles, whether cuives or 
flowing lines, the position of the tool slides from that for the 
c}linder to that for the plane, 01 the reverse, and these changes 
will be veadil) made appaient, when the reader gradually moves 
either a tool or even a rod of wood, from the one to the other 
of the desenbed positions 

It may be added, that most of the tools for metal are applied 
dnect from the gimdstone, the oilstone being used for such tools 
only as are employed for the moie delicate metal woiks, or for 
the last finish of those of stionger kinds, all the tools for wood, 
lvoiy, and similar materials are invariably sharpened on the 
oilstone It may be desirable to remoik, in addition, that the 
lough exterior faces of all works should be turned with nanow 
or pointed tools, and only a nairow poition at a time, until 
the surf ices are peifectly true 01 concentiic as wide flat tools 
applied to rough nregulai suifaces, especially of metal, would 
leceive a vibiatoi}, 01 lather an endlong motion, quite rncoin 
patible with tiuth of work 


SECT II—TLRNTNG TOOLS T OR SOIT WOOD 
Angle 20 to 30 —Figwes genet ally half si e 

The tools most geneially used foi turning the soft woods, arc 
the gouge and chisel, figs 362 to 365 whciein they are shown 
of one fouith their medium size, they vary from one eighth to 
two inches wide, and as they are nevei driven with the mallet, 
they do not lequire the shoulders of the carpenter s tools, they 
aie also ground differently The turning-gouge is ground cxt< i 
naily and obliquely, so as to make the edge elliptical, and it is 
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principally the middle portion of the edge which is used the 
chisel is giound from both sides, and with an oblique edge, 
and figs 366 and 367 represent the fall thickness of the chisel 
and its oidinary angles, namely, about 25 to 30 degrees for soft, 
and 40 for haid woods The gouges and chisels wider than one 
inch are almost invariably fixed m long handles measuring with 
the blades from 15 to 24 inches, the smaller tools have short 
handles m all fiom 8 to 12 inches long 

Fig 360 shows the position of the gouge in turning the 
C}hnder, the bevil lies at a tangent, and the tool generally 


Figs 362 363 
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usts on the middle of the back, or with the concave side 
upwards, the cNtiunity of the handle is hold m the light hand 
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close to the person and the left hand grasps the blade, with the 
fingers folded beneath it, and m this manner the gouge is 
traversed along the cylinder 

For turning the fiat surface, the gouge is supported on its 
edge, that is with the convex side towards the plane of the 
woik, and with the handle neaily horizontal, to bring the center 
of the chamfered edge m near coincidence with the plane , the 
tool is inclined rather more than the angle at which its chamfer 
is ground and it is gradually thrust fiom the margin to the 
center of the work 

The gouge is also used for hollow works, but this application 
is somewhat more difficult For the internal plane, the position 
is almost the same as for the external, except that the blade is 
moie inclined horizontally, that it may be first applied m the 
center, to bore a shallow hole, after which the tool is traversed 
across the plane, by the depression of the hand which moves 
the tool as on a fulcrum, and it is also rotated m the hand 
about the fourth of a circle, so that in completing the margin, 
or the internal cylinder, the tool may lie as m fig 360, but with 
the convex instead of the concave side upwards as there shown 
In figs 368 and 370 aie represented the plans, and in 360 

and 371 the elevations, of the hook tools for soft wood, 

which may he called internal 
gouges, they differ sonic 
what m size and form, the 
blades are from 6 to 12 
inches long, the handles 12 
to 15 They are sharpened 
from the point around the 

hook as far as the dotted 

lines, mostly on one, some 
times on both sides, as seen 
by the sections The book 
tools follow very nearly the 
motion of the gouge m hol¬ 
lowing, the rest is placed 
rather distant and oblique, the tool is moved upon it as a 
fulcium, and it is also rotated m the hand, so as always to place 
the bevil of the tool at a veiy small inclination to the tangent 
I he finishing tools used subsequently to the gouges or hook 


Figs 368 369 
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371 
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tools have straight edges, the chisel, fig 364, is the most 
common, its position closely resembles that of the gouge, sub 
ject to the modifications called for by its rectilinear edge If, 
for example, the edge of the chisel were just parallel with the 
axis of the cylinder, it would take too wide a hold there would 
be risk of one or other corner digging into the work, and the 
edge, from its parallelism with the fibres, would be apt to tear 
them out All these inconveniences are avoided by placing the 
edge oblique, as m fig 304, m which the tool may be supposed 
to be seen m plan, and proceeding from right to left, fig 360 
being still true for the othei view, the tool is turned over to 
proceed from left to right, and both corners of the tool are 
removed from the work, by the obliquity of the edge The tool 
may be ground square across, but it must be then held m a 
more sloping position which is less convenient 

Turning a flat surface with the chisel is much more difficult 
The blade is placed quite on edge, and with the chamfer m agree 
ment with the supposed plane a, b 9 c, fig 366 , the point of the 
chisel then cuts through the fibres, and removes a thm slice 
which becomes dished in creeping up a, d, the bevil of the tool, 
it then acts something like the scoring point of the planes or the 
point of a penknife Flat surfaces, especially those sunk beneath 
the surface, as the insides of boxes, are frequently smoothed 
with an ordinary firmer chi 373 

stl, which is ground and 
shaipened with one bevil, 
but rather thicker than for 
caipentiy 1 he edge is then 
burnished like the scraper, 
p 484, and it is applied 
honzontally like a hard 
wood tool, as in fig 361, but 
against the face or plane 
suiface The wire edge then 
lies m the required position, 
but it must be frequently 
renewed 

1 he h oad, represented m 
three views m fig 372 enduies much longer, but it requires to 
be held downwards or undeihand , at about an angle of 40 to 50 
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degiees from the horizontal, m older to bring its edge into the 
proper relation to the plane to be tinned Another form of the 
bioad is also represented m fig 373 it is a cylindrical stem, 
upon the end of which is screwed a triangular disk of steel, 
sometimes measuring 3 inches on the sides, and sharpened exter 
nally on each edge, this tool requires the same position as the 
last Bioads of the foims b 9 c are also used, but principally for 
large works, the plank way of the gram * 

For the insides of cjlindeis, the side tool fig 374, which is 
represented m three views is sometimes used , it is shaipened 
on both edges, and applied honzontallj The tool fig 375, also 
shown m three views, selves both for the sides and the bottoms 
of deep woiks, but it does not admit of being turned over , and 
376 is another foim of the same tool for shallower woiks, the 
cianked foim of which is considered to give it a better puichase 



The tools used for cutting screws m soft wood, by aid of the 
tiaversmg or screw mandiel lathe, partake of the same general 
cliaiacteis as the others, and are represented m tlieir lelative 
positions, fig 377 is for the outside, and 378 for the inside 


*■ Similar tools are also used for turning pewter wares 
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sciew To conclude the notice of tools of this class, the parting 
tool, fig 379, has an angular notch or groove on its upper 
surface, fiom which it results that when the tool is sliaipened 
on the bevil b, the upper face / presents two points, which sepa 
rate the fibres by a double incision This method wastes only 
as much wood as equals the thickness of the tool, and it leaves 
the work smooth and flat, whereas, when the angle of the 
chisel is used for the same purpose, seveial cuts are required, 
and the gap must piesent a greater angle than the bevil of the 
tool, and which consumes both time and wood 

The various turning tools for soft woods which have been 
described are, with the exception of the gouge and chisel nearly 
restricted to the makers of Tunbridge ware, toys, and common 
turnery, with them they are exceedingly effective, but to others 
somewhat difficult The amateur turner scarcely uses more than 
the common gouge and chisel, and even these but insufficiently, 
as much may be done with them , it has been shown, for m 
stance, that moulding tools cannot he used for the soft woods, 
but they are efficiently replaced by the gouge foi the concave, 
and the cmsel for the convex mouldings, which pioeeedmgs will, 
however be detailed m the fourth volume 
A. good fair practice on the soft woods would be found very 
greatly to facilitate the general manipulition of tools, as all 
those for the soft woods, demand considerably moie caie as to 
then positions and management than those next to be described 

SECT III—TURNING TOOLS TOR HARD WOOD AND IVORY 
Angle 40 to 80 —Figures gencmlly half size 
The gouge is the preparatory tool for the hard as well as for 
the soft woods, but it is then giound less acutely, the soft wood 
chisel may indeed be employed upon the hardest woods, but 
this is seldom done, because the tools with single bevils, held in 
a horizontal position, as in fig 361, page 511, aie much more 
manageable, and on account of the different natures of the 


Pigs 380 381 



materials they are tlioioughly suitable, notwithstanding that 
their edges are nearly as thick again as those of soft wood tools 
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In general, also, the long handles of the latter are replaced by 
shorter ones, as in figs 380 and 381 measuring with the tools 
from 8 to 12 inches, but these give in general an abundant 
purchase, as from the nearly horizontal position of the tool, the 
lathe rest or support can be placed much neaier the woik 
The hard-wood tools aie often applied to aconsideiable extent 
of the work at one time, and the finishing processes are much 
facilitated by selecting instruments the most nearly m cones 
pondence with the required shapes Rectilinear surfaces, such 
as cylinders, cones, and planes, whether external or internal, 
necessarily require tools also with rectilinear edges, which are 
sloped m vanous ways as regards their shafts, they are made 
both large and small, and of propoitionate degrees of stiength 
to suit works of diffeient magnitudes the following are some 
of the most usual kinds 



The right side tool fig 382, cuts on the side and end, the dotted 
lines being intended to indicate the undercut bevil of the edge , 
it is thus named because it cuts from the right hand towards the 
left The leftside tool, fig 383 lsjust thereveise The flat tool, 
fig 384, cuts on both sides, and on the end likewise, and in all 
three tools the angle seen m plan, is less than a right angle, to 
allow them to be applied m rectangular corners The point tool, 
fi g 385, is also very convenient, and bevil tools , figs 386 and 
387, the halves of the former, are likewise employed, figs 388 
show the general thicknesses of these tools When any of them 
are very narrow they are made proportionally deep to give sufii 
cient strength, the extreme case being the parting tool , fig 389, 
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which is no longer required to be fluted as in the corresponding 
tool for soft wood but the side tools, when used foi small and 
deep holes, necessarily require to be small m both respects, as 
m fig 390 The application of the inside parting tool, fig 391, 
has been previously shown on page 151 Yol I, m respect to 
the removal of rings of ivory fiom the interior of solid works, 
m preference to turning the materials into shavings, it is also 
useful m some other undercut works 

Some of the curvilinear tools for hard wood are represented 
m the annexed group , the semicircular or round tool, fig 392, 


Figs 392 393 394 395 396 397 398 399 400 401 



is the most general, as concave mouldings cannot be made 
without it, and it is frequently divided, as m the quarter round 
tools, figs 393 and 394, it is convenient that these should be 
exact counterparts of the mouldings, but they may also be used 
for woiks larger than themselves, by sweeping the tools around 
the curves Convex mouldings are frequently made by recti 
linear tools, which are earned round in a similar manner, so as 
to place the edge as a tangent to the curve, but the bead, 
fig 395, the astragal, fig 396, or the quarter hollows figs 397 
and 398, facilitate the processes an<T complete the one member 
* of the moulding at one sweep, and enable it to be repeated any 
number of times with exact uniformity 

Frequently the tools are made to include several members, as 
the entire base or capital of a column, as m fig 399 Similar 
figured tools, have been applied to turning profiles of about one 
or one and a half inches high, by employing four different tools, 
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embracing each about a quarter of the profile, and applied at 
four radial positions, around a ring of some three to five inches 
diameter the rings are cut up into racial slices and turned 
fiat on each face prior to being glued upon tablets Profiles 
have been likewise successfully and more skilfully turned by 
the ordinary round point, and flat tools, which processes will he 
proposed as examples mthe piactical part of the fourth volume 
Figs 400 to 403 repiesent some of the various kinds of inside 
tools, which arereqmred for hollowing vases andundei cut works 
and 404 the inside sciew tool and 405 the ovtsicle screw tool for 
hard wood, ivory and the metals These tools are made with 
many points and are hevilledlike the rest of the group They 
will be further noticed m the chapter on sciew-cuttmg tools 
The hollow tools, figs 395 to 398, may he sharpened with a 
narrow slip of oil stone used almost asafile , hut their sweeps are 
more accuiately sharpened by conical metal gimdeis, supplied 
with emery, as will be explained, most other moulding tools, 
and the screw tools, are only shaipened upon the face The 
ends of these tools may be whetted at a slope if it he more 
giadual, than m fig 406 This, however, incieases the angle of 
the edge, hut by nicking m the tools as m fig 407, by applying 
them transversely on the gundstone the ongiml angle is mam 
tamed, and which is the bettei mode for sciew tools moic 
especially 

SECT IV—TURNING TOOLS FOR BRASS 
Angles 70 to SO —Figm es gcnei ally the scone as the tools fm hai d wood 

The turning tools for brass are m geneial simple, and nearly 
restricted to round, point, flat, right and left side tools, parting 
tools and sciew tools, they closely resemble the haid wood tools* 
except that they are generally ground at angles of about 60° oi 
70°, and when sharpened it is at an angle of 80° oi 90° , some 
few of the finishing oi planishing tools, are ground exactly at 
90°, upon metal laps or emeiy wheels, so as to present a cutting 
edge at every angle and on both sides of the tools 

It is not a little curious that the angles which are lespec 
tively suitable to brass and to iron,aie definitively shown to 
be about 90 and 60 degrees For turning brass, a worn out 
square file is occasionally ground on all sides to deprive it of its 
teeth, it is used as a side tool, and is slightly tilted, as in 
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fig 408, just to give one of the edges of the prism sufficient 
penetration , but applied to iron, steel, or coppei, it only sciapes 
with inconsiderable effect A triangular file, fig 409, similarly 
ground, cuts iron with gieat avidity and effect, but is far less 


Figs 408 409 410 



suited to brass it is too penetiative, and is disposed to dig 
into the woik It appears indeed, that each different substance 
requues its own particular angle, from some circumstances of 
internal anangement as to fibre or crystallization not easily 
accounted for 

A stout narrow round tool, fig 393, in a long handle, serves 
as the gouge or roughing out tool for brass work otheis prefer 
the point fig 385, with its end slightly lounded, which com 
bines, as it were the two tools withmcieased strength, a small 
but strong right side tool 382 is also used m lough turning, 
the graver figs 411 and 412, although occasionally employed 
foi biass is more piopei foi iron, and is theicfoie descubed m 
the next section 

Ihc wide finishing tools should not he lesoited to under any 
cncumstances until the work is roughed out nearly to the shape, 
and reduced to perfect concentricity or truth, with narrow tools 
winch only embrace a very small extent of the work 

It is the geneial lmpussion that m taking the finishing cuts 
on bi ass it is impolitic, either to employ wide tools, oi to support 
them in a rigid -solid manner upon the rest as it is apt to make 
the work full of fine lines or striae lhis effect is peihaps jointly 
attubutable to the facility of vibration which exists m biass and 
similar alloys, to the circumstance of then being frequently 
used m thin pieces on the scoie of economy, and to then being 
Rotated more rapidly m the lathe than iron and steel, to expedite 
the piogiess of the woik 

When a wide flat tool is laid close down on the rest and 
made to cut with equal effect throughout its width, lines aie 
\uy like ly to appear on the metal and which if thm, nngs like 
abellfiom the vibiation into winch it is put, but if the one 

M M 
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corner of the tool penetrate the work to the extent of the thick 
ness of the shaving whilst the other is just flush with the 
surface, or out of work, the vibration is lessened, and that 
whether the penetrating angle or the other move m advance 
The biass turner frequently supports the smoothing tool 
upon the one edge only, and keeps the otliei slightly elevated 
from the rest by the twist of the hand, which thus appeals to 
serve as a cushion or spring to annul the vibrations, fig 410 
shows about the greatest inclination of the tool Some work 
men with the same view interpose the finger between the tool 
and the rest, in taking very light finishing cuts The general 
practice howevei, is to give the tool a constant rotative shuffling 
motion upon the supported edge, never allowing it to remain 
strictly quiet, by which the direction of the edge of the tool is 
continually changed, so as not to meet in paiallelism any former 
striae which may have been formed, as that would tend to keep 
up the exciting cause, namely, the vibration of the metal The 
more the inclination of the tool, the greater is the disposition 
to turn the cylinder into small hollows 

Some workmen burnish the edges of the finishing tools for 
brass, like the joiner s scraper, 01 the firmer chisel used m soft 
wood tur ning On account of the greater hardness and thick 
ness of the edge of the tool, it cannot be supposed that in these 
cases any very sensible amount of burr or wire edge is thrown 
up The act appears chiefly to impart to the tool the smooth 
ness and gloss of the burnisher, and to cause it, m its turn, to 
burnish lather than cut the work, the gas fitters call it a 
planishing tool, but such tools should never be used for accu 
rate works until the surface is peifectly tiue and smooth 
The hard wood and brass turners avoid the continual neces 
sity for twisting the lathe rest in its socket to vanous angular 
positions, as they mostly retain it parallel with the mandiel, and 
m turning hollow works they support the tool upon an arm 
rest, this is a straight bar of iron, which resembles a long 
handled tool, but it has a rectangular stud at the end, to* 
prevent the cutting tool from sliding off 

The position of the arm rest and tool, as seen in plan, are 
therefore nearly that of a right angle , the former is hold under 
the left arm, the latter in the right hand of the woi liman, the 
fore fingers of each hand being stretched out to meet near the 
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end of the tool This may appear a difficult method, but it is 
m all respects exceedingly commodious, and gives considerable 
freedom and choice of position m managing the tool, the advan 
tage of which is paiticularly felt m guiding the fiist entiy of 
the drill or the path of the screw tool, and m brass work it 
likewise renders the additional service of associating the tool 
with the elastic frame of the man But when particular firm 
ness and accuracy are required the tool should be supported 
upon the solid rest as usual 

SECT V—TURNING TOOLS TOR IRON, STEEL, ETC 
Angles 60 to 90 —Figures generally one sixth the full size 

The triangular tool is one of the most effective in turning 
these metals as was adveited to at page 521, the triangular 
tool is also used by the engravers and others for scraping 
the surfaces of the metals, and it is then applied nearly perpen 
diculu, or as a penknife m eiasmg, but when the tnangular 
tool is placed neaily as a tangent against the mnei or outei edge 
of a ring 01 cylmdei, as m fig 409 it seems almost to devour 
the metal, and instead of scratching, it brings off coarse long 
shavings In turning the fiat sides of the ring, the face of the 
tool is placed almost m agieement with the plane to he turned 

The giaver, which is also an exceedingly general tool, is 
a squaie bar of steel ground off at the end, diagonally and 
obliquely, generally at an angle of from 30 to 50 degrees The 
parts puncipally used aie the two last portions of the edge close 
to the point, and to strengthen the end of the tool a minute 
facet is sometimes giound off, nearly at light angles to the broad 
chamfer, or principal face 

The pioper position of the tool m turning a cylinder, will be 
most readily pointed out by laying the chamfer of the tool in¬ 
exact contact with the flat end of such cylinder, it will be then 
found that one of the lateral angles of the tool will touch the 
rest, and the obliquity m the shaft of the tool, would he the 
angle, at which the giaver is giound, instead of which it is held 
square and slightly elevated above the honzontal position, as 
shown m fig 411 The giaver is lotated upon the suppoitmg 
angle, which sticks into the rest much the same as the edge of 
the triangulai tool m fact, the two tools, although different in 
form, remove the shaving m a veiy similar manner 

mm2 
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In using the graver and other tools for the metals, it is the 
aim to avoid exposing the end of the tool to the rough gutty sur 
face of the material This is done by cleamn g the surface, espe 



dally the extreme edge with an old file, and beginning at that 
edge, the work is at one sweep reduced nearly to its required 
diameter by a wide thin cut which may be compared with a 
chamfer, or a conical fillet connecting the rough external surface 
with the smooth reduced cylinder Therefore after the first 
entiy, the point of the tool is buried in the clean metal below 
the crust, and works laterally which is indeed the general path 
of pointed tools for metal 

When the graver is used m the tuin bench with intermittent 
motion, as for the pivots of watches, the axes foi sextants and 
other delicate woiks it is applied oveihand or inverted, as in 
fig 412, but it is then necessary to withdraw the tool during 
each back stroke of the bow, to avoid the destruction of the 
acute point, and which alone is used The giaver when thus 
applied m lathes with continuous motion, is only moved on the 
rest as on a fulcium, and in the plane m which it lies, rather as 
a test of work done, than as an active instrument 

The edge of the graver is afterwards used for smoothing the 
stionger kinds of woik, it is then necessary to incline the tool 
horizontally to near the angle at which it is giound, m order 
to bring the sloping edge parallel with the surface But the 
smoothing is better done by a thick nanow flat tool, giound 
at about sixty degrees, the handle of which is raised slightly 
above the horizontal, as m fig 413, m order that its edge may 
approach the tangential position , heie also the tool is rotated 
on one edge, after the manner of the biass tools or the graver 
hor many slight purposes requiring rather delicacy than 
strength as m finishing the rounded edge of a washer, the flat 
tool is inverted or placed bevil upwards, as m fig 414, the 
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lower side then becomes the tangent, and the edge the axis of 
rotation of the tool the same as m turning convex mouldings with 
the soft wood chisel Indeed, many analogies may be traced be 
tween the tools respectively used foi soft woods and iron, except 
that the latter are ground at about twice tlie angle to meet the 
mcieased resistance of the haid metal, and the tools are mostly 
sustained by the direct suppoit of the rest instead of resting in 
great measure against the hands of the individual 

For instance, the heel tool which is used for rough turning the 
metals, is repiesented of the full size m the side view fig 415, 
and the front view, fig 416, and also on a smaller scale m figs 
417 and 418 The dotted lines a, fig 417, denote the relative 



position of the fluted gouge, and although the heel or hook tool 
occupies neailythe same spot, its edge is of double the thickness, 
and the entire resistance of the cut is sustained by the heel of 
the tool, which is poised upon the flat horizontal suiface of the 
rest the shaft of the tool is bent nearly at light angles that it 
may be held either above or below the shoulder of the workman 
as prefened Some variation is made m the form and size of 
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the heel tools, and they are occasion illy pointed instead of round 
upon the cutting edge 

The heel tool is slightly rotated upon its heel m its couise 
along the 170111 , so that, as seen at b, its edge travels in short 
arcs, and when its position becomes too inclined, a fresh footing 
is taken, on this account the straight handle, employed m ordi 
nary tools, is exchanged for the transverse handle represented 
In the best form of heel tools the square shaft lies in a groove 
m the long handle, and is fixed by an eye bolt and nut, passing 
through the transveise handle, as seen in the section 418 
Notwithstanding the great difference between the materials 
upon which the gouge and heel tool are employed, their manage 
ment is equally easy as m the latter the rest sustains the great 
pressure, leaving the guidance alone to the individual 

Fig 419 represents another kind of hook tool for iron which is 
cunouslj hke the tools, figs 368 to 371, p 514, used for soft 
wood, the common differences being here also observable, namely 
the increased strength of edge, and that the one edge is placed 
upon the rest to secure a firm footing or hold 

Nail head tools are made much on the same principle, one of 
these fig 420, is hke a cyhndei, terminating 111 a chamfeied 
overhanging disk to be rolled along so as to follow the course 
of the work, but it is rather a theoretical than practical instiu 
ment When, however, the tool is made of a square or 
rectangular bar, and with two edges as at fig 421, it is excel 
lent, and its flat termination greatly assists m imparting the 
rectilinear form to the work Occasionally the bai is simply 
bent up at the end to present onlj one edge, as 111 fig 122, it is 
then necessary the cuived part should be jagged as a file to cause 
it to dig into the rest like the otlieis of its class, and which 
present some analogy to the soft wood tools, figs 372 and 373, 
p 51o 

The cranked or hanging tools, fig 423, are made to embrace 
the rest, by which they are pi evented from sliding away, with^ 
out the necessity for the points and edges of the heel tools, 
the escape of the cranked tool sideways is prevented by the pm 
inserted m one of the several holes of the rest I he direct 
penetration is caused by the depression of the hand , the side 
way motion by rotating the tool by its transveise handle, which 
is frequently a hand vice temporarily sciewed upon the shaft 
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To save the trouble of continually shifting the lathe rest, an iron 
wedge, (not represented,) is generally introduced at a , between 
the rest and the back of the tool, when the wedge is advanced 
at intervals it sets the tool deeper into the work, when it is 
withdiawn it allows more room for the removal of the tool 



The succeeding figure, 424, represents a tool of nearly similar 
kind, the stock is of iron, and it carries a piece of steel, about 
three or four inches long, and one inch square, which is forged 
hollow on the faces by means of the fuller, to leave less to be 
ground away on the stone The rectilinear edges of this tool 
are used for smoothing iron rollers, lion ordnance, and other 
works turned by hand, and to preserve the edge of the tool, thin 
spills of hard wood are sometimes placed between the cutter and 
the bar Under favourable anangements these tools also are 
managed with gi eat facility , indeed it occasionally happens that 
the weight of the handle just supplies the necessary pressure to 
advance the tool, so that they will rest m proper action without 
being touched by the hand, a tolerable proof of the trifling 
muscular effoit occasionally lequired, when the tools aie judi 
ciously moulded and well applied 

These hand tools and various others of the same kinds, 
although formeily much used by the imllwiights, are now m a 
gieat measure leplaced by the fixed tools applied m the sliding 
rest, some account of which will be given m the next section 

SECT VI —FIXED OR MACHINE TOOLS FOR TURNING AND PLANING 

Angles as m the hmd tools'—Figures generally onefomlh to one eighth 
the full me 

' The performance of fixed tools is, m geneial, much more 
effective than that of hand tools , as the rigid guides and slides 
now employed, do not suffer the musculai fatigue of the man, 
nor do they experience those fluctuations of position to which 
Ins hand is liable Iheicfore, as the tool pursues one constant 
undeviatmg course, the corresponding results are obtained both 
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more economically and more accuiately by the intervention of 
the guide principle, or the slide lest fiom which we deuve tle 
slide lathe and thence the planing machine and many othei 
most invaluable tools 

The cutting edges of machine tools mostly follow the same 
circumstances as those of hand tools hut additional care is 
required m forming them upon principle , because the shafts of 
the fixed tools are generally placed with little power of deviation 
eithei at light angles to or paiallel with, the suiiaces to be 
wrought the tools aie then held in the non giasp of sciews 
and clamps, m moitises, staples, and giooves The tools do not, 
therefoie admit of the same at commodation of position to 
compensate toi erroneous construction, or subsequent detenora 
tion from -weal, as when they are held in the hand of the work 
man, and dneeted by his judgment 

It must also be additional^ borne m mind that, however pon 
derous elaborate, 01 costly the machine may he, its effectiveness 
entirely depends upon the proper adaptation and endurance of the 
cutting tool, through the agency of which it produces its results 

The usual position of the fixed turning tools is the horizontal 

line, as ata,fig 425 and unless the 
tools always lie on the radius (or 
any othei predetermined line,) 
various interferences occur For 
instance the tool proceeding m 
eithei ot the lines b or c, could not 
re icli the center of the work, and 
a portion would then escape being 
wi ought, the curvature of the 
cncle at b, would sacnficethe pro 
per angle, and expose the tool to 
fiaeture from the obliquity of the 
strain and at c, the edge would _ 
be altogether out of contact and 
the tool could only rub and not 
cut These evils increase with 
the diminution of the cncle, and 
although the diagram is greatly 
exaggerated for illustration, the want of centiality is m truth 


Fig 425 d e J 
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an evil of such, magnitude that various conti lvances aie resorted 
to by which either the entire slide rest, or the cutter alone 
may be adjusted for height of center 

Ihe planing tools foi metal are m general fixed veiticalh, and 
the pith of the woik being in the nmjonty of planing machines, 
rectilineal and horizontal, the tool may be placed at d, e , 01 f 
liuhffeientlj, theie being no inteifeience fiom cuivatuie as m 
turning 

In those modifications of the planing machine m which asm 
Brunei s moitismg engine the cutter travels peipendiciilaily, 
ind is also fixed perpendicularly, as m the key groove or slotting 
engines and the paring engines, the general form of the tool/, 
01 tbit of a strong paring chisel, is retained, but the blade is 
slightly inclined m its length as at j, fig 426 to avoid touching 
the suiface to be wrought except with its cutting edge, and the 
length of the tool supplies a little elasticity to relieve the faction 
of the back stroke 

Although all the vanous forms of hand turning tools are more 
or less employ ed as fixed tools, still the gieatei part of the work 
is done with the point tool (such as g m the plan fig 426 ) the 
angle of which should be slightly rounded , but foi working 
into an angle, the point of the tool is thiown oft as at h, so that 
its shaft may a\oicl either side of the angle, ind it is then called 
a side tool Foi internal woiks, and in small apeiturcs espe 
daily, the abrupt curvature requnes paiticular attention to the 
cential position of the tool i, and a frequent sacnfice of the 
most pi oi er form of the chamfer or edge I will now describe 
a few of the slide rest tools in the previous order, namely, those 
for soft wood for hard wood, for brass, and for iron 

I he fixed tools for soft wood require the same acute edges, and 
nearly tangential positions, as those used by hand, and if these 
conditions exist, it is quite immaterial whether the tool touch 


Figs 4^7 428 



the work above or below the centre, but the central line, or a , 
fig 425, is the most usual 1 he soft wood gouge, or hook tool, is 
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successfully mutated by making an oblique hole m the end of a 
bar of steel, as seen m two views in fig 427 but it is not very 
lasting or a bar of steel may be bent to the fonn of fig 428, 
and sharpened internally eitliei rounded to serve as a gouge 
or straight and inclined as a chisel, but neither of these tools 
admits m itself of adjustment for center 

Ihe difficulty of center is combited by the use of a tool 
exactly like a common gouge or chisel, but only an inch or two 
long, and with a cylindrical stemalso an inch oi two long by which 
it may be letamed atany height m the end of a bar of iron having 
a nearly perpendicular hole and an appropriate side screw for 
fixing the tool, this construction is abundantly strong for wood 
The fixed tools for haidwood andivonj, followtheseveralforms 
of the hand tools figs 382 to 405 pp 518 10, except in having 
parallel stems, they aie always placed hoi montally and are 
treated m all respects just as before Care should be taken how 
ever, that the end of the tool is its widest part, in order that, if 
it be sent m below the suiface of the work, as in cutting a 
groove, it may clear well, and not mb against the sides 

In sharpening the tools intended for hard wood and ivory, 
the oil stone should be applied principally at the end or on the 
chamfer of the tool, as tins will not reduce the height of center, 
which it is always important to retain If, however, the tools 
should eventually become chamfered off, after the manner of 
fig 406, p 519, they maj be annealed, and thrown up to pla*,e 
the chamfered pait in the line of the general face , they are then 
ic-haidened, and ground up as at fiist But as most of the 
slide iests for wood turning aie fitted into pedestals by means 
ol a cylmdiic il stem with a veitical sciew adjustment the tools 
may be at all times accurately centeied when paiticulai caie is 
required , and tins piovision is of still gieatei importance with 
the several revolving cutters applied to the slrdo lest, which will 
be hereaftei adverted to 

The fixed tools fm hi ass and fo') u on whether used in the lathe 
or the planing machine, will be considered in one group, the 
principal difference is, that the tools foi biass piesent an angle 
of nearly 90 degrees, the tools foi iron an angle of 00, to the 
superficies to be wiouglit Indeed the angles or edges of the 
cube, may be consideied as the genene foims of the tools for 
biass, and the angles or edges of the tetrahedron, as the generic 
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forms of the tools for iron, that is, supposing the edges or 
planes of these solids to be laid almost in contact with the line 
of motion or of the cut, in oidei that they may fulfil the constant 
conditions of the paring tools, descubed at page 462, and again 
refeired to at pages 472 to 474 

The fixed tools for brass and similar alloys lesemble, asm hand 
turning the more simple of the hard wood tools, except that they 
are sharpened a trifle thicker on the edge , they are however, 
neatly restricted to the point tool the nanow round tool and 
to the side tool, which ls^represented at j, fig 426 It is giound 
so that the two cutting edges meet at an angle not exceeding 
about 80 degrees, that m proceeding into rectangular coineis 
it may clear each face bj about five degiees and it will then cut 
m eithei dnection, so as to proceed into the angle upon the 
cylinducal line, and to leave it upon the plane surface, oi it may 
be applied just in the reveise manner without inteimission 
When the tool is used for rough woik the corner is slightly 
lounded, but in finishing it is usually quite sharp , and as it 
differs only some ten degiees from the solid angle of a cube, it 
is abundantly strong If the tools acted upon a consideiable 
extent or width of the brass, they would be liable to be set in 
vibration, but as the paths of the cutters are deteimined by the 
guide principle employed the point fulfils all that can be desired 
The fixed tools for non present moie difficulties than the 
genuahty of the foregoing kinds first, the edges of the tools aie 
thinner, and more interfeied with m the act of grinding as the 
vertical height of the cutting edge is reduced when eithei face 
of the wedge is giound and secondly they aie exposed to far 
more severe stiains fiom the greater baldness of the matenal, 
and the less sparing manner in which it is i educed or wiought, 
owing to its smaller puce and other circumstances, and theie 
foie, the most pioper and economic forms of the tools for iron 
are highly deserving of attention 

Ihe fracture of a tool when it is overloaded, commonly points 
out the line of greatest resist nice oi strain lhe tool fig 429, 
on next page although apparently keen is veiy weak, and it is 
besides disposed to puisue the line at which its wedge formed 
extiemity meets the woik, or to penctiate at an angle of some 
30 degiees (see page 462) Figuie 429, would probably bieuk 
through a line diawn ncaily parallel with the face a b, of tlio 
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work under formation that portion should therefore be made 
•veiy neaily paiallel with a b the line of resistance m order 
to impart to the tool the strength of the entile section of the 
steel so that should it now break, it would have a much longer 
line of fiacture The tool thus altered is very proper for brass, 
an alloy upon which acute tools cannot be favourably employed 


Figs 429 430 431 432 433 



But with the obtuse edge of fig 430 other metals will be 
only removed with considerable labour as it must be remembered 
the tool is a wedge and must insinuate itself as such amongst 
the fibres of the material To give the strengthened tool the 
piopei degree of penetiation the upper face is next sloped as 
m 4 11, to that angle m which the minimum of fuction and the 
maximum of durability of the edge most nearly meet and 
which lor iron is shown to be about 60 degrees as in the tnan 
gular tool fig 409 ihe three planes of pointed tools for iron, 
meeting at 60 degrees, constitute the angle of the tetiahedron, 
or the solid with four eqmlateial planes like a triangular pyra 
mid the base and sides of which aie exactly alike 

But the form of 431 would be soon lost 111 the act of grinding 9 
therefore to conclude, the tool is made m the bent foim of 
fig 432, in which the angles of 431 aie retained, and the tool 
may he many times giound without departing from its most 
proper form This is in effect extending the angle of the tetia 
licdion into the triangulai prism giound off obliquely, or rathei, 
as seen m the front view fig 433 into a pusm of five sides, the 
front angle of which vines from 60 degiees to 120 degrees, and 
is slightly rounded the latter being most suitable lor rough 
woik, sometimes the front of the pnsm is hall round, at other 
times quite fiat, these forms are shown 111 fig 439 

The extremities of figs 431 and 432 appioacli very closely to 
the form of the giaver used for engraving on steel and copper 
plates, than which no instrument woiks more perfectly Ihe 
slender graver, whether squaie 01 lozenge, is slightly bent, and 
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has a flattened handle so that the ndge behind the point may 
lie so nearly parallel with and so comnletely buried m the line 
or groove under formation, as to he prevented or checked, by 
the surface contact, fiom digging into the work Ibis is another 
confirmation of the fact that the line of penetntion is that of 
the lower face of the cutter or wedge 01 that touching the woik 
In adopting the crank formed tools 432 the principle must 
not be carried into excess, as it must be remembered, we can 
never expunge elasticity fiom oui materials whether viewed in 
relation to the machine the tool or the woik 

The tool should be always grasped as near the end as piac 
ticable therefore the hook or crank should occupy but little 
length as the distance from the supposed line of the fixing 
screw c to the edge of the tool, being doubled, the flexuie of the 
mstiument will be fourfold when trebled ninefold, m fact as 
the square And also as the flexure may be supposed to occur 
from nearly the center of the bai (that is neglecting the crook ) 
the point of the tool should not extend beyond the central line 
o otherwise when the tool bends its point would dig still 
deeper into the woik from its rotation on the mteisection ot c 
and o the point situated behind the centiai line would spnng 
away from or out of instead of into the woik lo extend the 
wear of the cranl ed tools they are commonly forged so that the 
point is nearly level with the upper suiface of the shaft as in 
fig 438, they then admit of being many times ground before 
they leach the central line, and they are ultimately ground, 
(always at the end of the prism and obliquely) until the hook 




is entirely lost This avoids such frequent recuirence to the 
forge fire, but it is a departuie fiom the light principle to allow 
the point to extend beyond the center line o —See Appendix, 
Note A Q, page 983 

The works of the lathe and planing machine frequently present 
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a na i es or states, chamfers grooves, and under cut lines, 
M require that the tool should be bent about in various 
ways, in order that their edges may retain as nearly as possible 
the same relations to all these suifac es as the or dmaiy surfacing 
tools figs 431 and 432 have to the plane a b Tor insta 
shaft of the tool 431, when bent at about the angle of 4o degrees, 
becomes a side cutting ana f icing tool as shown m p in m fig 
434 in elevation m 435 and m perspective m 430 and in like 
manner the cranked tool 432 when also bent as in 4 3 4 becomes 
437 and is also adapted to woilang into angular corneis upon 

^Mr Nasmyth s tool gage, shown in elevation m 438, and in 

plan m 439, entirely removes the uncertainty of the ang es given 
* to these lircgular bent 

f ^ ^qq tools for instance, when 

a the shaft of the tool is 
laid upon the flat suiface 
and applied to the non 
cone c, whose side mea 
suies about 3° with the 
peipendicular, it selves 
V with equal tmthfoi s the 
tool foi sui faces , /, the 

s side cutting tools, used 
also foi peipendicular 
f cuts and fillets and n 
for uiulcicut woiks 
In applying tools to lathe works of small cliamcteis, it is 
necessary to be very exact and not to place them (ibovG the 
center, or they immediately mb, and as this soon oocius with 
tools having so small an angle it appeals desnablc to make the 
cone gage for small lathe woiks of about twice the given angle, 
and to mark upon the cone a circle exactly indicative of the 
height of center, the tool can be then packed up to the e enter ( 
lme, with one or two slips of sheet non, to he aftmvaids placed 
beneath the tool when it is fixed m the lathe lest In small 
hollow works, the most lasting of the crxnkfoimed tools, 
are entirely inapplicable indeed so much attention is icquucd 
to prevent the tool from rubbing against the mterioi sur 
faces, that the ordinary ingles cannot be employed, and the 
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:one gage ceases to be useful but m every other case it should 
be constantly resorted to the additional thickness a is requned 
bo make it applicable to the crank formed tools * 

Fig 440, represents a cutter introduced m the Block Ma 
:hmery at Portsmouth to lessen the difficulty of making and 
restonng the tools, for turning the wrought lion pms for the 
bheaves, it consists of acylmducalwne which from being ground 
off obliquely, presents an elliptical edge the tool is fixed m a 
stock of lion, terminating m an oblique hole, with a binding 
screw The tool, when used for iron, m the “pm turning 
Lathes, was made solid, when used for turning the surfaces of 
the wooden shells, m the “ shaping engine it was pierced with 
a central hole, the latter could only facilitate the process of 
shaipemng without altenngthe chaiacter of the edge, which 
continued under the same circumstances as when solid 



About sixteen years back, the author made for his own use, a 
tool such as fig 440, but found that with rough usage the cutter 
was shivered away, on account of its bieadth, and he was soon 
led to substitute for the solid cylinder, a triangular cutter, the 
final edge of which was slightly rounded, and placed more nearly 
perpendiculai, in a split socket with a side screw, as m fig 441 
The strength of the edge was greatly increased, and it became, 
m fact an exact copy of the most favourable kind of tool for 
the lathe, or planing machine, retaining the advantage that the 

►--—•——- 

* Tho general similitude between some of the authors figures 420 to 439 
(engraved m Jan 1810) and pait of those m Mr James Nasmyths article on 
lools, m Buchanans Mill Woik (published m Dec 1841) is solely due to their 
bang each mdtbtod to tho samo individual (namely to Mr Joseph Clement), for 
tho general theory advinccd and which, assoentes tho pimciples of machine tools 
for metal that aie of comparatively modem date, with those of cutting tools 
geneially, even of tho most primitive kinds 
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original form could be always kept, with the smallest expend! 
tme of time, and without continually le forging the blade to 
the manifest deterioration of the steel fiom passing so frequently 
thiough the fire it being only requisite to grind its extiemity 
like a common graver, and to pi ice it so much higher m the 
stock as to keep the edge at all times true to the center 

A light and a left hand side tool for angles the foimer seen 
m figs 442 and 443, were also made the blade and set screw 
were placed it about 45°, and at a sufficient veitical angle, to 
clear both the inside of i cylinder of thice niches diameter, and 
also to face the bottom or suif ice 1 hese side tools mswei c d 
veiy well for cast non but fig 41=1, the ouhnmy sui facing tool 
is excellent for all pui poses and has been employed m many 
extensile establishments * 

In turning heavy woiks to then respective forms a slow 
motion and strong pointed tools are employed but m finishing 
these works with a quicker late of motion thcie is nsk of putting 
the lathe m a slight tiemor, moie puticuhuly horn the small 
penodic shocks of the toothed wheels which m light finishing 
cuts are no longer kept m close beaiing as m stionger cuts 

Under these circumstances, were the tools ngul and pcnctra 
tive, each vibiation would produce aline or sciatcli upon the 
surface but the finishing or hanging tools figs 441 and 445, 
called also springing tools which aic made of vanous cuives and 
degrees of strength, yield to these small accidental motions 
lhe first lesembles m its angles the icst of the tools used foi 
biass the second those for non, then edges aie rectilineal, xml 


The prismatic cutters admit of the usual vaiutums of shape sometimes two 
binding screws are used and occasionally a tail screw to receive the direct sit am of 
the cut When the blades are only used for cutting in the one dn ectum say from 
right to left they may with advantage be ground with a double inclination for 
as all these pointed tools work lata alb/ the tine inclination of some 60 to the 
nanow facet 01 fillet operated upon is then moie stuctly ittaincd 

Considerable economy lesults fiom, this and sovual othu applications m winch 
the cutter ind its shaft are two distinct paits Iho small blades < t steel admit o# 
being formed with considerable ease and accuucy uni of being haidcnud m the 
most perfect manner And when the cuttus in Hxtd m sbiong bars 01 shafts of 
iron they receive any required de 0 iee of stiongtli and the one shift or carnage 
will serve for any successive number of bl idt s 

The blades are sometimes made Hat ot convex m the fxont and gioimd much 
thinner to seive foi softwood the tools for haid wood und i\oiy bung moie 
easily ground do not call for this application of detached blades 
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sometimes an inch wide The width and elasticity of these 
finishing tools prevent them acting otheiwise than is scrapeis, 
foi removing the slight supeificial roughness, without clctiacting 
fiom the accuracy of fonn previously given In a somewhat 
smnlai manner the bioad hand flat tool rendered elastic by its 
paitixl suppoit as m fig 410 page 521 is frequently used for 
smoothing briss works, and otheis turned with the slide icst 

446 447 448 449 




Figs 446 and 447 lepicsent a very excellent finishing tool 
introduced by Mi Clement foi planing cast and wrought lion, 
and steel, it lesembles the cianked tools geneially, but is 
slighter it is made smooth and fiat upon the extremity or lathei 
m a very minute degree lounded This tool is shupened vciy 
keenly upon the oilstone, and is used for extremely thin cuts, 
geneially one quuter of an inch wide, and when the cornels just 
escape touching, the woik is left beautifully smooth, the edge 
should on no account stand m advance of the center line But 
to avoid the chattels so liable to occur m brass works, Mr Cle 
ment prefers foi that material the elastic planing tool, figs 448 
and 449 its edge is situated considerably behind the center 
In concluding the notice of the turning tools, it maybe neces 
saiy to add a few words on those used for lead, tin, zinc, copper, 
and then ordinary alloys Ihe softest of these metals, such as 
]cad, tin and soft pewtei may be turned with the oidmaiy 
tools for soft wood, but for the harder metals, such as zinc, and 
haid allojs containing much antimony the tools lesemble those 
used for the haid woods, and they are mostly employed dry 
Coppex, which is much haider and tougher, is turned with 
tools similar to those foi wioughtnon, but nr gencial they aic 
slnnpenod a little mou keenly and watei is allowed to chop 

N N 
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upon the work to lessen the risk of dragging or tearing up the 
face of the copper, a metal that neither admits of being turned 
or filed with the ordinary facility of most others Silver and 
gold, having the tenacious character of copper, require similar 
turning tools, and they me generally lubucated with milk 
In the above and nearly all the metals except non and those of 
equal or supeuoi hardness, there seems a disposition to adhere, 
when by accident the recently removed shaving gets forcibly 
pressed against a recently exposed suiface, (the metals at the time 
being chemically clean, see page 432 Yol I ) this disposition 
to unite is nearly prevented when water or other fluid is used 
Water is occasionally resorted to m turning wrought non and 
steel, this causes the work to be left somewhat smoother, but 
it is not generally used, except in heavy vvoik, as it is apt to lust 
the machinery oil fulfils the same end, but is too expensive foi 
general purposes —See Appendix, Note AR , page 983 

Cast iron having a crystalline structure, the shavings soon 
break, without causing so much fuction as the hard ductile 
metals cast iron is therefore always worked dry, even when the 
acute edges of bO degrees are thickened to those of 80 oi 90, 
either from necessity, as in some of the small boung tools, oi 
from choice on the score of dui ability, as m the laigest bonng 
tools and others Brass and gun metal aie also woikod dry 
although the turning tools are neaily rectangulai, as the copper 
becomes so far modified by the zinc, or tin, that the alloys, 
although much less crystalline tliancastiron, and less ductile than 
copper, yield to the turning tools very cleanly without watei 
But when tools with rectangular edges are used for wiouglit 
iron and steel, on account of the greatei cohesion of thoso 
materials, they must be lubricated with oil, grease, soap and 
water, or other matter, to prevent the metals fiom being torn 
And the screw cutting tools many of which present much surface 
faction and also rectangular oi still moie obtuse edges, almost 
invariably require oil oi other unctuous fluids, for all the metals 
It will be shown in the piactice of metal turning, that the 
diamond point, figs 64 and C5, page 178 Yol I, is occasionally 
used m turning hardened steel and otliei substances, figs 72 to 
74 are constantly used m engraving by machinery, and m gi a 
duating mathematical instruments —See Appendix, Notes AS 
to AY pages 988 to 1001 
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SECT I—BORING BITS TOR WOOD 

Ihe piocess of boring holes may be viewed as an inversion of 
that of turning generally the work remains at rest, and the tool 
is revolved and advanced Many of the boxing and drilling tools 
have angular points, which serve alike for the removal of the 
material, and the guidance of the instrument, others have blunt 
guides of various kinds for dnectmg them, whilst the cutting 
is peifoimed by the end of the tool 

Commencing as usual with the tools for wood the brad awl 
fig 450 may be noticed as the most simple of its kind, it is a 
cylmducil wne with a chisel edge, which lather displices than 
removes the matenal, it is sometimes sharpened with three 
facets as a triangular pusm Ihe awl, fig 451, used by the 
wire woikeis, is less disposed to split the wood , it is squaieand 
sharp on all four edges, and tapeis off very giadually until near 
the point, where the sides meet lather moie abruptly 

Ihe geneiality of the bormg instruments used m carpentry 
aie fluted, like leeds split m two parts, to give room for the 
shavings and they are sharpened m various ways as shown by 
figuies 452 to 456 Fig 452 is known as the shell , and also as 
the gouge lit , or quill bit , it is sharpened at the end like a gouge, 
and when revolved it shears the fibres aiound themaigm of the 
hole, and removes the wood almost as a solid core The shell 
bits aie m veiy geneial use, and when made very small, they 
aie used for boung the holes m some blushes 

Fig 453, the spoon bit , is generally bent up at the end to 
make a taper point,terminating on the diametrical line, it acts 
something aftei the manner of a common point dull, except 
that it possesses a keen edge suitable for wood The spoon bit 
is m very common use the coopei s dowel bit, and the table bit , 
foi making the holes for the wooden joints of tables, aie of this 
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kind, occasionally the end is "bent m a semicircular form, 
such aie called cinch nose biU fiom the resemblance and also 
brush bits from their use the diameter of the hole continues 
undimmishedfoi a greater depth than with the pointed spoon hit 


Figs 450 451 452 45S 454 455 456 



Th enose bit, fig 454, called also the slit nose bif,^xii auge) hit , 
is slit up a small distance near the center, and the laigei piece 
of the end is then bent up nearly at right angles to the shaft 
so as to act like a paring chisel, and the coiner of theieed, neai 
the nose also cuts slightly The form of the nose bit which is 
very nearly a diminutive of the shell auger , fig 155, is bettei 
seen m the latter instrument, m which the transveise cuttei lies 
still more nearly at light angles, and is distinctly cuivcd on the 
edge instead of radial The augers ue sometimes made thiee 
inches diameter, and upwards, and with long removable shanks, 
foi the purpose of boring wooden pump barrels, they are then 
called pump bits 

Theie is some little uncertainty of the nose bits entering 
exactly at any required spot, unless a small commencement is 
previously made with another instrument as a spoon bit a gouge, 
a biad awl, a center punch or some othei tool, with augeis 
a prepuatory hole is invariably made, eitliei with a gouge^ 
or with a center bit exactly of the size of the auger When 
the nose bits aie used for making the holes m sash bais foi 
the wooden pins or dowels, the bit is made exactly parallel 
and it has a square brass socket which fits the bit, so that the 
work and socket being fixed m their respective situations, the 
guide pnnciple is perfectly applied A c6 guide tube built up 
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as a tupod which the workman steadies with his foot, has been 
lecently applied by Mi Ckailes Miy of Ipswich for boung the 
augei holes m lailway sleepeis exactly perpendicular* 

The gimlet fig 456 is also a fluted tool, but it terminates m a 
sharp woim or screw, beginning as a point and extending to the 
full diameter of the tool, which is diawn by the sciew into the 
wood The principal part of the cutting is done by the angular 
corner intermediate between the woim and shell which acts 
much like the auger, the gimlet is woiked until the shell is full 
of wood when it is unwound and withdiawn to empty it 

The center bit, fig 457, shown m thiee views, is a very 
beautiful instrument, it consists of thiee parts, a center point or 
pm, filed tuangularly, which seives as a guide for position, athm 
shearing point or mckev, that cuts through the fibres like the 
point of a knife, and a broad chisel edge or cutter , placed 
obliquely to pare up the wood within the circle marked out by 
the point The cutter should have both a little less radius and 
less length than the nicker upon the keen edge of which last 
the coirect action of the tool pnneipally depends 

Many sanations aie made fiom the oidmaiy center bit, fig 
457 , sometimes the center point is enlarged into a stout cylm 
ducal plug, so that it may ex 458 45 „ 

actly fill a hole pieviously made, ° 
and cut out a cylindnc al coun 
teisink around the same, as for 
the head of a screw bolt This 
tool, known as the plug center 
bit, is much used m making 
frames and furniture, held toge 
*ther by screw bolts Similar 
tools but with loose cutters 
inserted m a diametrical mor 
tise m a stout shaft, aic also used in ship building foi mlajing 
the heads of bolts and washers, m the timbers and planking 
The nine coopeo s center bit is veiy short, and is enlaiged 
behind into a cone, so that immediately a full cask has been 
boiecl the cone plugs up the hole until the tap is inserted The 
center bit deprived of its chisel edge, oi possessing only the pm 
and nicker, is c died a button tool it is used for boring and 
boe Minutoa of Convci&ation, Inst Civil i u&mais 181> p%e 76 
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cutting out at one piocess the little leather disks or buttons, 
which serve as nuts for the screwed wires in the mechanism 
connected with the keys of the organ and piano forte 

The expanding center bit , shown on a much smaller scale m 
fig 460 is a very useful instrument it has a central stem with a 
conical point, and across the end of the stem is fitted a transverse 
bar adjustable for radius Wheie the latter carries only a lancet 
shaped cutter it is used for making the margins of circular 
lecesses and also for cutting out discs of wood and thin materials 
generally, when, as m Mr James Stones modification the 
expanding center bit has two shearing points or nickers, and one 
chisel formed cuttei, it serves foi making 
Fig 460 grooves for inlaying lings of metal or wood 
m cabinet work, and othei purposes *—See 
Appendix note AW , p 1001 

The above tools being geneially used for 
woods of the softer kinds, and the plankway 
of the gram the shearing point and oblique chisel of the center 
hit, fig 457, are constantly retained but the corresponding tools 
usedfoi thehaid woods assume the characters of the hard wood 
tools generally For instance a fig 458 has a square point, 
also two cutting edges, which are nearly diametrical, and 
sharpened with a single chamfer at about sixty degrees, this is the 
ordinary drill used for boring the finger holes m flutes and 
clarionets which are afterwards chamfered on the mnei side 
with a stout knife the edge of which measures about 50 
degrees The key holes, are first scoied with the cup key tool , b, 
and then dulled, the tools a , and b, being represented of cones 
ponding sizes, and forming between them the annular ridge 
which indents the leather of the valve or ke} % 

When a, fig 458, is made exactly parallel and sharpened up 
the sides it cuts hard mahogany very cleanly in all directions of 
the gram, and is used for drilling the various holes in the small 
machinery of piano fortes, this dull (and also the last two), is 
put in motion m the lithe and m fig 459, the lathe dull for 
hard woods, called by the Fiench langue de caipe, the center 
point and the two sides melt into an easy curve, which is 
sharpened all the way round and a little beyond its largest part 
Various tools for bonng wood hive bear made with spiral 
See Tians Soo of Aits* vol xxxi p 250 
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stems in oidei that the shavings may be enabled to ascend the 
hollow worm, and thereby save the trouble of so frequently with 
diawmg the bit For example, the shaft of fig 461, the single 
lip auger is forged as a half round bar, nearly as m the section 
above, it is then coiled into an open spnal with the flat side 
outwaids, to constitute the cylmdncal suiface, and the end is 
formed almost the same as that of the shell auger, fig 455 
r JLhe twisted gimlet fig 462, is made with a conical shaft, around 
which is filed a half round groove the one edge of which becomes 
thereby sharpened, so as gradually to enlarge the hole after the 
first penetration of the worm, which, from being smaller than 
m the common gimlet, acts with less risk of splitting 

Fi & s 461 462 468 464 465 466 467 468 



The ordinary screw auger, fig 463, is forged as a parallel 
blade of steel, (seen m the section, fig 464, which also refers 
to 463 and 465,) it is twisted red hot, the end terminates m 
a worm by which the auger is gradually drawn into the work, 
as m the gimlet, and the two angles oi lips are sharpened to cut 
at the extreme ends, and a little up the sides also 

The same kind of shaft is sometimes made as in fig 464, with 
a plain conical point, with two scoring cutters and two chisel 
edges, which receive their obliquity from the slope of the worm 
# it forms as it were a double center bit, with two lips grafted 
on a simal shaft The same shaft has also been made, as in 
fig 4 05, with a common dull point and proposed foi metal 
hut tins seems scaicely called foi but it is m this foim very 
effective m Hunter s patent stone boring machine, intended fox 
stones not harder than sandstones the drill is woiked by a 
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cio&s, guided by a tube and foiced m by a screw cut upon the 
shaft cairymg the drill so that the stone is not giound to 
powder, but cast off m flahes with veiy little mjuij to the drill 

Another sciew augei which is peihaps the most general after 
the double lipped sciew auger, fig 4G3, is lmown as the American 
soew anger and is shown m fig 466 , this has a cylindrical 
shaft, aiound which is blazed a single fin or rib , the end is filed 
into a worm as usual, and immediately behind the woim a small 
diametucal mortise is formed foi the reception of a detached 
cutter, which exactly resembles the niching point and chisel 
edge of the center bit, it may be called a center bit for deep 
holes The paits are shown detached m fig 467 The loose 
cuttei is kept cential by its square notch, embracing the cential 
shaft of the auger it is fixed by a wedge duven in behind and 
the chisel edge tests against the spiral woim Spate cutteis ate 
added m case of accident and should the sciew be broken oil, 
a nev sciew and moitise may be made by depriving the mstru 
ment of so much of its length The mstiument will be found 
on tnal extiemely effective , and on account of the great space 
allowed for the shavings, they aie delivered perfectly, until the 
woim is buried a small distance beneath the surface of the hole 

The Ameileans have also invented an auger, said to be 
thoroughly applicable to pioducmg square holes, and those of 
other forms the tool consists of a steel tube, of the width of 
the hole, the end of the tube is sharpened fiom within, with the 
corners in advance or with four hollowed edges In the center 
of the square tube woiks a screw augei, the thread of which 
projects a little beyond the end of the tube, so as first to pure 
trate the wood, and then to diag after it the sheath, and thus 
complete the hole at one process the removed shavings making 
their escape up the worm and through the tube 1 or bomig 
long mortises, two or more square augeis aie to be placed side 
by side, but they must necessarily he woiked one at a time * 

Fig 468 the list of this gioup of spiral drills, is used m 

* This is described m Gil] s Technical repository vol xi pige 317 The authoi 
has never seen one it seems tar too complex m instrument for general pvtrx>osi h 
and its success appears to be ovenated The tools figs 461 to 466, are also 
ascribed to America whether truly or not lb is impossible to say I lg 401 i« m 
partial use The twisted gimlet is a good tool but as it is somewhat more expon 
sive than the common kind it is less used These seveial instalments are pioba 
bly denved from the common sciew auger fig 463 which is, I behove I nghnh 
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Germany and two of the instruments were hionght from that 
countiy and deposited m the Museum of the Society of Aits by 
Mi Bi}an Donkin* * * § The tool acts as a hollow taper bit or 
inner, and the screw form point and shaft, assist m drawing it 
into the wood but the instrument must pass entnely through 
foi making cylindrical holes \ 

The most usual of the modes of giving motion to the various 
kinds of boring bits is by the ordinary carpenters brace with 
a crank formed shaft The instrument is made in wood or 
metal and at the one extremity has a metal socket called the 
pad with a tapei square hole, and a spnng catch used for retain 
mg the drills in the brace when they are withdrawn from the 
woik and at the other, it has a swivelled head 01 shield which 
is pressed forward horizontally by the chest of the workman, 
or when used vertically, by the left hand, which is then com 
monly placed against the forehead t 

The ordinary carpenters brace is too familiarly known to 
require further description but it sometimes happens, that m 
comeis and other places theie 
is not room to swing round the 
handle, the anqle Irace fig 469, 
is then convenient It is made 
entirely of metal, with a pair of 
bevil pinions and a winch han 
die that is placed on the axis 
of one of these, at various distances from the center, according 
to the power or velocity required Sometimes the bevil wheel 
attached to the winch handle is tlnce or four times the diameter 
of the pinion on the drill, this gives greater speed but less 
power § 

The augers, which from their incieased si/e require more 
power, are moved by transverse handles, some augers are made 
with shanks , and are nvetted into the handles just like the 



* Sec Plans vol xliv p 75 

f lhc coopex s bit is sometimes made with a gimlet worm a sonu ccmtil shell 
and a conic il plug to stop tho hole until the tap ib inserted 

•j Pho caipcntcr s biace is sometimes fi\od vertically with the powoi of revolv 
mg and of being depx eased by a level an some respects like the smith s pi css drill, 
fig 491, page 558 bee ilso Manuel du Tourneur 1816 Plate IX vol u 

§ Iig 4b9 is i educed from Plate IX of the Manuel du Tourneur 
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gimlet occasionally the handle has a socket or pad for recerv 
ing several augeis but the most common mode, is to form the 
end of the shaft mto a ring 01 eye, through which the transverse 
handle is tightly duven The brad awls, and occasionally the 
othei tools requiring but slight foice aie fitted m stiaight 
handles, many of the smaller tools are attached to the lathe 
mandiel by means of chucks and the work is pressed against 
them eithei by the hand or by a sciew, a slide or other con 
tnvance, figs 458 and 459, are always thus applied 

SECT II—DRILLS FOR METAL, USED BY HAND 

The frequent necessity m metal works foi the operation of 
drilling holes, which are required of all sizes and various degrees 
of accuracy, has led to so very great a vanety of modes of per 
forming the process, that it is difficult to arrange with much 
order the more important of these methods and apparatus 

It is, howevei intended to proceed from the small to the 
large examples m the present section some of the general 
forms of the dulls for metal will be first noticed, in the next 
section will be traced the modes of applying hand power to 
dulls, commencing with the delicate manipulation of the 
watchmakei, proceeding gradually to those requiring the different 
kinds of biaces and ending with the vanous apparatus for dnv 
mg large dulls by hand power In the fouith section the 
machine processes will be adverted to commencing with the 
ordinaiy lathe and ending with the boiing appaiatus foi the 
laigest cylinder the concluding section of this chapter will be 
devoted to the various drills, cutteis, and broaches required for 
making conical oi taper holes 

The oidmaiy piercing drills foi metal do not present quite so 
much variety as the wood drills recently described the drills 
for metal are mostly pointed, they consequently make conical 
holes, which cause the point of the drill to pui sue the original 
lme and eventually to pioduce the cylindrical hole The com 
paiative feebleness of the diill-bow limits the size of the dulls 
employed with it to about one quaitei of au inch in diametu 
but as some of the tools used with the bow, agiee in kind with 
those of much larger dimensions it will be convenient to con 
sidci as one gioup the forms of the edges of those dulls, winch 
cut when moved m either direction 
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Figs 470, 471 and 472, represent, of their hugest sizes the 
usual forms of dulls piopei for the leciprocatmg motion of the 
dull bow because their cutting edges being situated on the line 



of the axis and chamfered on each side, they cut, or rather 
scrape, with equal facility m both directions of motion 

Fig 470 is the ordinary double cutting dull, the two facets 
forming each edge meet at an angle of about 50 to 70 degrees, 
and the two edges forming the point meet at about 80 to 100 , 
but the watchmakers who constintly employ this kind of dull, 
sometimes make the end as obtuse as an angle of about 120 
degiees the point does not then protiude through their thin 
works, long before the completion of then woik Fig 471, with 
two circular chamfers, bores cast iron more rapidly than any other 
reciprocating drill, but it requires an entry to be first made with 
a pointed drill, by some, this land is also prefened for wrought 
ironandsteel Iheflat ended dull, fig 472, isusedfor flattening 
the bottoms of holes Fig 473 is a duplex expanding drill, 
used by the cutlers for inlaying the little escutcheons and plates 
of metal m knife handles the ends are drawn full size, and the 
explanation will be found at page 135 of the first volume 
Fig 474 is also a double cutting drill, the cylindrical wire is 
filedtothediametiicalline and the end is formed with two facets 
This tool has the advantage of retaining the same diameter when 
it is sharpened it is sometimes called the Swiss dull and was 
employed by M Lc Rivi5re, foi making the numeious small 
holes, m the delicate punching maclimeiy for manufacturing 
perforated sheets of metal and pasteboaid , these drills aie some 
times made either semicircular oi flat at the extremity, and 
as they aie commonly employed m the lathe, they will be 
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further noticed m tlie fourth section, under the title of half i ound 
boring bits 

The squaie countersink fig 475 is also used with the dull 
how, it is made cylindrical and pieieed for the reception of a 
small ccntnl pm, aftei which it is sharpened to a chisel edge as 
shown 1 he countersink is in some lnensui e a diminutive ol the 
pm dulls, fig 482 to 485, page 500, and occasionally cnculai 
collais are fitted on the pin foi its tcmpoiaiy cnlaigement oi 
aiound the larger pait to seive as a stop, and limit the depth to 
which the counteisink is allowed to penetrate, foi inlaying the 
heads of screws The pin is iemo\ed when the lnstiumcnt is 
sharpened 

By way of comparison with the double cutting dulls, the oidi 
nary forms of those which only cut m one dnection, aic shown m 
figs 470, 477, and 478 Iig 476 is the common single cutting 



dull,foi the dull how, biace, and lathe, the point, as usual, ih 
nearly a rectangle hut is formed by only two faeets, which 
meet the sides at about 80° to 85°, andtliudoie lu \uynt nly 
m contact with the extienuty of the hole opcialcd upon, thus 
strictly ngiecuig with the form of the tinning tools foi biass 
lig 477 is a sunilai dull paituuliuly suitable foi horn toitmsi 
shell, and substances liable to agglutinate and dog the dull, the 
chamfers aie latlici moie acute uul aie continued aiound the 
edge behind its hugest diamctci so that if nccdlul, the dull 
may also cut its way out of the hole 

dig 478, although ncvei used with the dull bow, nm of so 
small a size as in the wood cut, is adde d to show how < omplcte ly 
the dull piopei foi non, follows the cliaiaetei of the turning 
tools ioi that metal, the flute oi hollow filed behind the cdg< , 
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gives the hook formed acute edge required m this tool which is 
in othei respects like fig 476 the foim proper for the cutting 
edge is shown moie distinctly m the diagram a fig 482 

Caie should always be taken to have a proportional degree of 
strength m the shafts of the dulls otherwise they tremble and 
chatter when at work or they occasionally twist off m the 
neck, the point should be also giound exactly cential, so that 
both edges may cut As a guide for the proportional thickness 
of the point it miy measure at b, fig 479, the base of the cone, 
about one fifth the diameter of the hole and at p, the point 
about one eighth, for easier penetration but the fluted dulls are 
made neaily of the same thickness at the point and base 
In all the dulls previously described except fig 474, the size 
of the point is lessened each time of sharpening, but to avoid 
this loss of size, a small part is often made parallel, as shown m 
fig 479 In fig 480, this mode is extended by making the drill 
with a c^lindncal lump so as to fill the hole this is called the 
centering ditill It is used for commencing a small hole m a 
flat bottomed cylmdiical cavity oi else m rotation with the 
common pieicmg chill and the half round bit m dulling 
small and very deep holes m the lathe see sect iv p 567 
Fig 480 may be also considered to resemble the stop drill upon 
which a solid lump oi shoulder is foimed or a collar is tempo 
ranly attached by a side screw for limiting the depth to which 
the tool can penetiate the woik 

Fig 481 the cone countcismh may be viewed as a multiplica 
tion of the common single cutting drill Sometimes, however, 
the tool is filed with four equi distant radial furrows, directly 
upon the axis, and with several intermediate parallel furrows 
sweeping at an angle round the cone Tins makes a more even 
chstubutionof the teeth, th m when all are ladial as m the figure, 
and it is always used m the spherical cutteis, or countersinks, 
known as cherries, which are used m making bullet moulds 
On compaiison, it may be said the single chamfeied dull fig 
476, cuts more quickly than the double chamfeied fig 470 but 
that the foimei is also moie disposed of the two to swerve oi 
mnl lom its intended position In using the double cutting drills, 
it is also necessaiy to dull the holes at once to then full sizes, as 
otherwise the thin edges of these tools stick abruptly into the 
metal, and aie liable to produce jagged or groovy surfaces, which 
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destroy the circulanty of the holes the necessity for dulling 
the entile hole at once joined to the feebleness of the dull bow 
limits the size of these dulls 

In using the single chamfered dulls, it is customary, and on 
seveial accounts desirable to make large holes by a series of two 
or moie drills first the lun of the drill is m a measure piopoi 
tioned to its diaxnetei therefore the small tool departs less from 
its intended path, and a central hole once obtained it is followed 
with little after risk by the single cutting drill which is less 
penetrative This mode likewise throws out of action the less 
favouiable part of the drill near the point, and which m large 
drills is necessarily thick and obtuse, the subdivision of the 
work enables a comparatively small power to be used for drilling 
large holes and also presents the choice of the velocity best 
suited to each progiessive diameter operated upon But where 
sufficient powei can be obtained it is generally more judicious 
to enlaige the holes previously made with the pointed dulls, by 
some of the gioup of pm drills, figs 482 to 485, m which the 
guide principle is very perfectly employed they piesent a close 
analogy to the plug center bit, and the expanding center bit, 
used m caipentry 

The oidmaiy pm drill , fig 482, is employed for making coun 
tersmks foi the heads of sciew bolts inlaid flush with the suiface, 
and also for enlarging holes commenced with pointed dulls, by 


Figs 482 483 484 485 



a cut parallel with the surface , the pm drill is also particularly 
suited to thin materials, as the point of the ordinary drill would 
soon pierce through, and leave the guidance less ceitam When 
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this tool is used foi non, it is fluted as usual, and a } repiesents 
the form of one edge separately 

Fig 483 is a pm dull principally used for cutting out huge 
holes m cast iron and other plates In this case the nanow 
cutter removes a ung of metal, which is of course a less laborious 
piocess than cutting the whole into shavings When this dull 
is applied from both sides, it may be used for plates half an inch 
and upwards m thickness as should not the tool penetiate the 
whole of the way through the piece may be broken out, and the 
rough edges cleaned with a file or a broach 

Fig 484 is a tool commonly used for drilling the tube-plates 
for receiving the tubes of locomotive boilers the material is 
about | inch thick, and the holes If diameter The loose 
cutter a , is fitted in a transverse mortise, and secured by a 
wedge it admits of being several times ground, before the notch 
which guides the blade for centrality is obliterated Fig 485 is 
somewhat similar to the last two, but is principally intended for 
sinking giooves , and when the tool is figured as shown by the 
dotted line, it may be used for cutting bosses and mouldings on 
parts of work not otheiwise accessible 

Many ingenious contrivances have been made to ensuie the 
dimensions and angles of tools being exactly retained In this 
class may be placed Mr Roberts s pm drill figs 48G and 487, 
m action it resembles the fluted pm drill, fig 482, but the lion 



stock is much heavier, and is attached to the drilling machine by 
the square tang the stock has two grooves at an angle of about 
*10 degrees with the axis and rather deeper behind than m 
fiont Two steel cutteis or nearly parallel blades represented 
black, aie laid m the giooves they aie fixed by the ring and 
two set screws, s s, and aie advanced as they become worn 
away, by two adjusting sciews, a a, (one only seen,) placed at the 
angle of 10° through the second ung, which, for the convenience 
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of construction is sciewed up the dull shaft just beyond the 
square tang whereby it is attiched to the drilling machine 
The cutters are ground at the extreme ends but they also 
require an occasional touch on the oilstone to restore the keen 
ness of the outer angles which become somewhat rounded b}? - the 
friction The diminution from the trifling exterior sharpening 
is allowed for by the slightly taper foim of the blades 

The process of drilling generally gives rise to more friction 
than that of turning and the same methods of lubrication aie 
used but rather more commonly and plentifully thus oil is used 
for the generality of metals, or from economy soap and water 
milk is the most proper for copper, gold and silver, and cast 
iron and brass aie usually dulled without lubrication as described 
at page 538 For all the above named metals, and for alloys of 
similar degrees of hardness, the common pointed steel drills are 
generally used but foi lead and ven soft alloys, the carpenters 
spoon bits and nose bits are usu illy employed, with water For 
hardened steel and haid crystalline substances, copper or soft 
iron drills, such as fig 67 or 71, page 178 Yol I, supplied with 
emery powder and oil are needed, or the diamond drill points 
66 68 and 70 are used for haidened steel, with oil alone * 
Having considered the most generil forms of the cutting paits 

* The boring tools used for the mineral substances aie pai tly adverted to in 
the ninth chapter of Yol I beginning with the hits used for the softest materials 
those foi boimg through eaith sand and clay m order to obtain water are enlarged 
copies of the shell nose and spnal bits used in carpentry attached to long voitical 
rods winch are screwed togethei like jointed gun rods and are woikod by a cross 
at the earths suiface The rods are drawn up by a windlass and joint after joint 
is unscrewed until the hit with its contained earth is brought to tho suifuo 
Various attempts have been made to avoid the tedious necessity for raising tho 
i ods by the employment of a hollow cylinder oi magazine resting on the bit to 
receive the boungs and to be driwn up occasionally to be emptied 

In boung laigc holes the earth is geneiilly excavated by the process of mim 
mg up The lods terminate m the vmsa which is a cylindrical non case 
sometimes two to thi ee feet diameter with a slightly conical bottom m which 
there is a slit much 111 e the mouth of a pline md coveied with a lo vbhei hap to 
prevent the escape of tho earth that has been collected * 

In sinking the Aiteaian wells lined with cast iron tubes attiched end to end 
by internal flanges or screws a spring tool is used which oxpinda when it is 
thrust beneath the lower end of the sorics of pipes feee tho account of sml mg 
the Artesian well at Messrs Truman Hanbuiy and Co s Brewery Minutes of 
Conversation Inst of Cm] Lng 1842 p 192 
The common pointed dull is used foi mineral substances not exceeding in hardness 
those enumeiated undei the turns 123 of the I able of haidnoss p 1 >8, Vo] 1 
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of chills, we will proceed to explain the modes in winch they are 
put m action by hand power beginning with those for the 
smallest chameteis, and pioctcdmg gradually to the laigest 

SECT III-METHODS Or WORKING DRILLS BY HAND POWER 

Ihe smallest holes are those reqiuied m watchwoik, and the 
general form of the drill is shown on a large scale in fig 488, it 
is made of a piece of steel wire, which is tapeied off at the one 
end flattened with the hammer, and then filed up in the form 
shewn at large m fig 470, p 547 , lastly it is haidened in the 
candle The reverse end of the mstiument is made into a conical 
point, and is also hardened, near this end is attached a little 
brass sheave for the line of the drill bow, which in watchmaking 
is sometimes a fine horse hair, stretched by a piece of whalebone 
of about the size of a goose s quill stupped of its feather 

Fig 488* 

= 1 -=— 

The watchmakei holds most of his walks in the fingers, both 
for fear of crushing them with the table vice, and also that ho 
may the more sensibly feel his operations, drilling is likewise 
performed by him m the same manner IIa\mg passed the 
bow string aiound the pulley m a single loop (oi with a round 
tmn), the center of the dull is inserted m one of the small 
centei holes m the sides of the table vice, the point of the dull 
is placed m the mark oi cavity made m the work by the center 
punch, the object is then pressed foiwaid with the light hand, 
whilst the bow is moved with the left the Swiss workmen apply 
the hands m the reverse order, as they do m using the tmn bench 



and which include some of the marbles Glass may also be drilled with fig 470 
or 471 lubneated with turpentine Ihe sandstones are reidily bored m Hunter s 
patent stone boung machine (see p 543 also Cony Civ Kng 1842 p 146) and the 
^itinites axe not bored but crushed by the jumper or chisel point seep 170 Vol 1 
Jb oi the compact mui< lals such as 4 5 6 of the table the grinding tools may 
be used with sand but emery is more effective this powder maj bo also employed 
for miner ils not exceeding the li irdncss of 7 uid 8 but cmeiy being somewlut 
lnfenor m hudness to the luby this gom and the dumond m irked 0 uid 10 m 
the table require either diamond dust oi sphnteis of the diamond, the outside 
si m and natural angles of which ire much haider than the inside substance boo 
the ninth chaplei ot Vol T generally especnlly pages 178 to 180 
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Clockmakers and artisans in works of similar■scale fix the 
' obiect m the tail Tice, and use drills such as fig 488 but often 
larger and longer they aie pressed forward by tlie chest whic r 
is defended from injury by the breast plate name y a pie e o 
wood or metal about the size of the hand, in the middle of which 
is a plate of steel, with center holes for the drill The breast 
plate rs sometimes strapped round the waist, but is more usually 
supported with the left hand, the fingers of which are ready 
to catch the drill should it accidentally slip out of the center 
As the dull gets larger, the bow is propoitionably increased 
m stiffness, and eventually becomes the half of a solid cone, 
about 1 inch in diameter at the larger end, and 30 inches long, 
the catgut string is sometimes nearly an erghtlr of an inch in 
diameter or is leplaeed by a leather thong lhe stung is 
attached to the smaller end of the bow by a loop and notch 
much the same as m the archery bow, and is passe d tin ough a hole 
at the larger end and made fast with a knot the surplus length 
18 wound round the cane, and the cord fin illy passes through a 
notch Tt the end, which pi events it from uncoiling 

Steel hows are also occasionally used , these aie made some 
thing like a fencing foil, hut with a hook at the end foi the knot 
oi loop of the cord, and with a furulc oi a i atclict, around wine i 
the spare coid is wound Some vaiiations also arc made m the 
sheaves of tlie large drills, sometimes they me cylindrical with 
a fillet at each end, this is desnahle, as the coid necessarily 
lies on the sheave at an angle, in fact m tiro path of a sucw , 
it puisnes that path, and with the rccipioc ition of the dull bow, 
the coid tiaversos, oi screws backwards and forwards upon the 

sheave,hutispreventedfromshdingoflhythcf.net Occasionally 

indeed, the cylindrical sheave is cut with a smew com sc enough 
to receive the cord, which may then make tluoc oi four coils for 
increased purchase, and have its natural screw like run without 
any fretting whatever hut this is onlj Ac suable when tin holes 
are large, and the dull is almost constantly used, as it is tc diou* 
to wind on the cord for each individual hole 1 he structure, of 
the hows, breast plates, and pnllejs, although often varied, ib 
sufficiently familiar to be understood without figures bee 

Appendix, Note A Y, page 1003 

When the shaft of the dull is moelci ate ly long, the workman 
can leadily ohseivc if the dull is square with the woik as rcgmds 
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the honzontal plane and to remove the necessity for the obser 
vatxon of an assistant as to the vertical plane, a trifling weight 
is sometimes suspended from the dull shaft by a metil nng 01 
hook, the joggling motion shifts the weight to the lower extre 
mity the tool is only horizontal when the weight remains central * 
In manj cases, the necessity for repeating the shaft and pulley 
of the drill is a\oided, by the employment of holders of various 
kinds 01 drill stocks which serve to cariy any requited numbei 
of drill points The most simple of the dull stocks is shown 
m fig 489, it has the center and pulley of the ordinary dull, 


Figs 489 



but the opposite end is pieiced with a neaily cjlinduc u hole 
just at the mnei extiemity of wlncli a diametncil notch is 
filed The dull is shown sepaiately at a , its shank is made 
cylindrical, oi exactly to fit the hole, and a shoit portion is 
nicked down also to the diamelucal Inn, so as to slide mto the 
gap m the dull stock, by which the drill is pi evented fiom 
revolving the end serves also as an abutment whereby it may be 
tlnust out with a level Sometimes a diametrical tiansveise 
mortise, nairowei than the hole, is made tlnough the dull stock 
and the dull is nicked on both sides and Mi Gill pioposes 
that the cylindrical hole of 489, should be continued to the 
bottom of the notch that the end oi the dull should be filed off 
obhquel}, and that it should be prevented from rotating, by a pm 
nisei ted through the cylmdiical hole parallel with the notch the 
taper end of the dull would then wedge fast beneath the pin ! 

Dulls aie also frequently used m the di idling lathe , this is a 
mmiatuie lathe head, the frame of wlncli is fixed m the table 
vice, the mandiel is pieiced foi the dulls, and his a pulley foi 

* Hub u analogous to the level of the Indian masons and carpentois they 
squeeze a few chops oi w iter on the uppoi suiface of the stiaight edge which is 
made exactly parxllcl and the escape of the fluid fiom cither end denotes that to 
he the lower of the two 

t feoe Technical Repos 18°2 vol n p 119 also Rcos s Cyclopedia 
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the bow, therein resembling fig 490, except that it is used as 

The figure 49 0 just 1 efen ed to, 1 epi esents one variety of another 
common foim of the dull stock, m which, the 1 evolving spindle is 
fitted m a handle, so that it maybe held in any position, without 
the necessity for the breast plate the handle is hollowed out to 
seive for containing the drills, and is fluted to assist the grasp^ 
Fig 491 represents the socket of an ‘ universal dull stock 
invented by Sir JohnBobison, it is pieiced with a hole as large 


Figs 491 


492 


493 —«* 

as the largest of the wires of which the dulls are formed, and 
the hole terminates in an acute hollow cone The end of the 
dull stock is tapped with two holes, placed on a diameter t le 
one screw a is of a very fine thread, and has at the end two 
shallow diametrical notches , the other b, is of a coarser thread 
and quite flat at the extremity The wire drill is placed against 
the bottom of the hole and allowed to lean against the adjust 
mg screw a and if the dull be not central, this screw is moved 
one or several qunrtei turns until it is adjusted for centrality , 
after which the tool is stiongly fixed by the plain set screw b 
Fig 492 is a drill stock, contuved bj Mr Willi im Allen it 
consists of a tube, the one end of which has a fixed center and 
pulley much the same as usual, the opposite end of the tube has 
a piece of steel fixed into it which is first dulled with a central 
hole, and then turned as a conical screw, to which is fitted a 
corresponding screw nut n , the socket is then sawn down with 
two chametiical notches, to make four internal angles, and 
lastly, the socket is hardened When the four sections arc 
compressed by the nut their edges stick into the drill and retain 
it fast and provided the instrument is itself concentuc, and the 
foui parts aic of equal stiength, the centrality of the dull is 
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at once ensured The outside of the nut and the square hole 
m the key k aie each taper, foi moie leady application and 
the dulls aie of the most simple kind namely lengths of wne 
pointed at each end, as m fig 493 * 

The sketch fig 492, is xlso intended to explain another 
useful application of this drill stock, as an upnght or pimp drill 
The lattei is provided with a cioss stiff fiom the ends of which, 
a string pioceeds through the eye at the top of the drill shaft, 
which carries a large bulb of metal to gi\ e it momentum The 
woitman first coils the string around the dull stock this causes 
the ascent of the transverse rod, fiom the shoitemng of the 
string he then suddenly depi esses the stick winch by uncoiling 
the stung moves the dull as many turns as theie are coils , and 
the momentum continues the motion so as to wind up the 
stung m the opposite direction, ready for the succeeding cut 
Ihe piessuie of the hand is only given at the first period of 
each descent of the cioss staff—See Appendix, Notes A Z 
to B B page 1003 

Holes that aie too large to be dulled solely by the bieast 
dull and drill bow, are frequently commenced with those useful 
instruments, and are then enlarged by means of the hand biace, 
which is veiy similar to that used m caipentiy except that it is 
moie commonly made of iron instead of wood is somewhat 
huger, and is geneially made without the spung catch 

Holes may be extended to about half an inch in diameter, with 
the hand biace, but it is much more expeditious to employ still 
larger and stionger biaces, and to picss them into the woik m 
various wajs by weights, levels, and screws, instead of by the 
musculai effort alone 

big 494 repiesents the old smith’s press drill, whioli although 
cumbious and much less used than formerly, is nevertheless 
simple and effective It consists of two pans of wooden standaids, 
between winch woiks the boam a h the pm near a is placed at any 
Jheight, but the weight to is not usually changed, as the gieater 
or less pressure for huge and small dulls is obt lined by placing 
the brace more or less neai to the fulcrum a and this pait of 
the beam is shod with an non plate, full of small center holes 
foi the brace Ihe weight is laised by the second lever c d the 


* beo loolmical Ropomtoiy vol n 1822 p 147 
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two being united by a chain* and a light chain 01 rope is alfeo 
suspended from cl to be within reach of the one or two men 
engaged m moving the brace It is necessary to relieve the 
weight when the dull is neaily thiough the hole otheiwise, it 
might suddenly break through and the dull becoming freed, 
might be twisted off m the neck 


Figs 494 d 



lhe inconveniences mthis machine aie, that the upper point 
of the brace moves m an aic instead of a right line, the limited 
path when strong imessuies are used, which makes it recess uy 
to shift the fulcrum a, and also the necessity foi xe adjusting 
the work under the dull foi each different hole, which m 


awkwardly shaped pieces is often tioublesome 

A portable contrivance of similu dxte is an non bow fianu 
01 clamp shown m fig 495 , the pressuie is applied by a sou w, 
but in almost all cases whilst the one individu xl dulls the huh , 


the assistance of another is requned to hold the frame 19 > 


only applies to compar itively thin parallel woiks, and does not 
present the necessaiy choice of position Another tool of tins 
kmd, used for boring the side holes in cast non pipes for water 
and gis, is doubtless familiarly known the ciainp oi fianu 
divides into two blanches about two feet apait, and these iu 


inmate like hooks which loosely embrace the pipe, so that the 


tool retains its position without constraint and it ma) be used 


with great facility by one individual 

Fig 496 will serve to show the geneial cliaiactei, of various 
constructions of more modem apparatus to be used foi supply 
nig the piessuie m dulling holes with hand braces It consists 
of i cylindrical bxr a upon which the horizontal ict tangulai 
rod b f is fitted with a socket, so that it may be fixed at any height, 
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01 m any angular position, by the set sciew c Upon b slides a 
socket which is fixed at all distances from a, by its set sciew d 
and lastly, this socket has a long vertical screw e, by which the 
brace is thrust mto the woik 

The object to be dulled having been placed level, eithei 
upon the giound, on tiestles, on the woik bench, 01 m the vice, 
according to circumstances, the 
screws, c and d aie loosened, and 
the biace is put m position for 
woik The perpendiculanty of 
the brace is then examined with 
a plumb line, applied in two posi 
tions (the eye being first directed 
as it were along the noith and 
south line and then along the east 
and we&t,) aftei which the whole is 
made fast by the screws c and d 
The one hole having been dulled, 
the socket and sciewspiesentgieat 
facility m re adjusting the mstru 
ment for subsequent holes without 
the necessity for shifting the work, 
which vould generally be attended 
with moie trouble, than alteuug the dull frame by its screws 
Sometimes the lod a is rectangular and extends from the 
floor to the ceiling, it then travelses m fixed sockets the lower 
of which has a set screw for retaining any lequned position In 
the tool represented, a rod a , terminates in a cast iron base, 
by which it may be grasped m the tail vice, or when required it 
mav be fixed upon the bench, m this case the nut on a is 
unscrewed, the cast non plate when reversed and placed on 
the bench serves as a pedestal, the stem is passed through 
a hole m the bench, and the nut and washer when screwed on 
the stem beneath, secure all very stiongly together Even 
r m establishments where the most complete drilling machines 
driven by power aie at hand, modifications of the press drill 
are among the indispensable tools many arc contnved with 
sciews and clamps, by which they are attached directly to 
such woiks as are sufficiently laige and massive to serve as a 
foundation 
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Various useful drilling tools for engineering works, are fitted 
with left-hand screws, the unwinding of winch elongate the 
tools, so that for these mstiuments winch supply their own 
pressure it is only necessary to find a solid support for the 
center Ihey apply veiy readily m dulling holes witlnn boxes 
and panels, and the abutment is often similarl} pro\ided by 
projecting parts of the castings , or otheiwise the fixed support 
is derived from the wall or ceiling by aid of props ai ranged m 
the most convenient manner that piesents itself 

Fig 497 is the common biace which onlydiffcis from that m 
fig 496 m the left hand sciew, a light hand screw would be 
unwound in the act of dulling a hole when the biace is moved 
loundm the usual direction which agrees with the path of a 
left hand screw The cutting motion pioduces no change m 
the length of the instrument, and the sciew being held at rest 
for a moment during the revolution sets in the cut but towaids 
the last the feed is discontinued as the elasticity of the hi ace 
and work, suffice for the reduced pressure required when the 
dull is nearly through, and sometimes the screw is unwound 


(DJ 501 

The lever dull , fig 498 differs fiom the latter figuic m many 
respects, it is much stionger and applicable to larger holts/ 
the drill socket is sufficiently long to be cut into the left hand 
sciew, and the piece seiving as the setewed nut, is a loop tu 
minatmg m the center point I he mcieased length ol the leva 
gives much gieatei puieliase thin m the eiank fonned biat e, 
and m addition tlie lever brace may be applied close against a 
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suifice wlieie tlie crank biaee cannot be turned lound m tins 
cibe the level is only moved a half circle at a time, and is then 
slid through for a new puichase or sometimes a spanner 01 
wrench is applied dneotly upon the squaie dull socket 

Ihe same end is moie conveniently fulfilled by the ?atchet 
dull fig 199, appaiently derived fiom the last it is made by 
cutting ratchet teeth in the drill shaft or putting on the ratchet 
as a separate piece, and fixing a pall or detent to the handle 
the latter may then be moved backwaid to gather up the teeth 
and foiward to thrust round the tool with less delay than the 
level m fig 498, and with the samepowei the two being of equal 
length r lhis tool is also peculiarly applicable to reaching mto 
angles and places m which neither the crank foim brace, noi the 
level drill will appfy Fig 500, the ratchet lever, m paitresem 
bles the latchet drill but the pressuie screw of the lattei mstiu 
ment must be sought m some of the other contrivances referied 
to as the ratchet lever has simply a square aperture to fit on the 
tang of the dull cl which latter must be piessed forwaid by some 
independent means 

Fig 501 which is a simple but necessary addition to the 
biaces and dull tools is a socket having at the one end a 
square hole to receive the drills and at the opposite, a square 
tang to fit the brace , by this contilvance the length of the drill 
can be temporarily extended for reaching deeply seated holes 
lire sockets are made of various lengths, and sometimes two oi 
three are used together to extend the length of the brace to suit 
the position of the prop , but it must be remembered, that with 
the additional length the toision becomes much increased, and 
the resistance to end long pressure much diminished, tlieiefore 
the sockets should have a bulk proportionate to their length 

r Ihe French brace, fig 4 69, page 545, is also constructed m 
non, with a pair of equal bevil pinions, and a left hand center 
screw like the tools, fig 497, 498, and 499 it is then called the 
corner dull Sometimes also, as in the succeeding figures 502 
# and 5Qd the bevil wheels are made with a hollow square qi axis, 
as m the ratchet lever, fig 500, the driver then hangs loosely on 
the square shank of the drill tool, oi cutter bar, and when the 
pinion on the handle is only one third or fourth of the size of 
the bevil wheel with the square hole it is an effi olive dnvei for 
various useb the long tail or lever serves to prevent tlic rotation 
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of the dnver, by resting against some pait of the woik 01 of the 
work bench 

All the befoie mentioned tools aie commonly found in a 
variety of shapes m the hands of the engmeei, but it will be 



observed they are all driven by hand power and are c lined 
to the woik I shall conclude this section with the description 
of a moie recent drill tool of the same land, invented by Mi 
A Shanks of Glasgow 

This instrument is lepresented of one eighth size, in the side 
view fig 504, m the front view, 505, and m the section 506, it 


Figs 504 505 506 



is about twice as powerful as fig 503, and has the advantage of 
feeding the cut by a differential motion The tangent screw 
moves at the same time the two worm wheels a and b * the 
former has 15 teeth, and selves to revolve the drill, the latter 
has 16 teeth, and by the diffeience between the two, or the odd 

* A pnnciple first introduced m Dr Wollastons Irochiometer, for counting 
tlie turns of a carnage wheel 
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toothy advances the dull slowly and continually, wlncli may be 
thus explained 

JLlie lower wheel a, of 15 teeth is fixed on the dull shaft and 
this is tapped to leceive the centei sciew c, of four threads per 
inch llie upper wheel of 16 teeth is at the end of a socket cl 
(which is lepiesented black m the section fig 506) and is con 
nected with the centei sciew c by a collai and internal key, 
which last fits a longitudinal groove cut up the side of the 
sciew c now tlierefoie the internal and external screws travel 
constmtly round, and neaily at the same rate the difference of 
one tooth in the wheels serving continually and slowly to pio 
ject the sciew c , for feeding the cut lo shorten or lengthen 
the instrument rapidly the side screw e is loosened this sets 
the collar and key, free fiom the 16 wheel, and the center sciew 
may for the time be moved independently by a spanner 

Th e differential screw dully having a double thread m the large 
worm, shown detached at / requires 7£ turns of the handle to 
move the drill once lound and the feed is one 64th of an inch 
foi each turn of the dull that being the sum of 16 by 4 See 
Appendix, Note B C, page 1004 

srcr IV-DRILLING AND BORING- MACHINES 

Xhe motion of the latlie mandrel is particularly proper foi 
giving iction to the various single cutting dulls lefeued to 
they aie then fixed m squaie or lound hole drill chucks which 
screw upon the 1 itlie mandiel JLlie motion of the lathe is more 
uinfoim than that of the hand tools, and the popit head, with 
its flat boung flange and pressure screw form a most convenient 
niangement, as the works aie then earned to the dull exactly 
at uglit angles to the face But m dulling veiy small holes m 
the lathe, there issomeiisk of unconsciously employing a greater 
pressure with the screw, than the slender drills will hear Some 
times the c} lmder is pressed forward by a horizontal lever fixed 
on a fulcium at other times the cylinder is piessed foi ward 
by a spring by n rack md pinion motion, oi by a simple lever, 
and the best arrangement of this latter land is that next to be 
described 

In the manufacture of harps theie is a vast quantity of small 
chilling, and the piessure of the cylinder popit head is given by 
means of a long, straight, double ended lever, which moves 
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honzontallv, (at about one third fiom the back extiemitj ) upon 
a fixed post 01 fulcium elected upon the back board of the lathe 
Ihe front of the lever is connected with the sliding cylmdei by 
a link 01 connecting rod and the back of the lever is pulled 
towards the right extiemity of the lithe by a cord which passes 
over a pulley at the edge of the back boaid, and then supports 
a weight of about twenty pounds 

Both the weight and the connecting rod, may be attached at 
vanous distances fiom the fixed fulcium betw een them When 
they are fixed at equal distances fiom the axis of the lever the 
weight, if twenty pounds, pi esses foiwaul the drill with twenty 
pounds less a little fuction if the weight be two inches fiom 
the fulcium and the connecting lod eight inches the effect of 
the weight is reduced to five pounds if, on the other hand the 
weight be at eight and the connecting lod at two inches the 
pressure is fourfold, 01 eighty pounds 

The connecting rod is full of holes, so that the lever may be 
adjusted exactly to reach the body of the workman, who standing 
with his face to the mandiel, moves the level with his back and 
has therefore both hands at liberty for managing the work 
Sometimes a stop is fixed on the cylinder, for drilling holes to 
one fixed depth gages are attached to the flange, for dulling 
numbers of similiar pieoes at any fixed distance from the edge 
m fact this very useful apparatus admits of many little additions 
to facilitate the use of drills and revolving cutteis 

Great numbers of circular objects such as wheels and pulleys, 
are chucked to revolve truly upon the lathe mandiel, whilst a 
stationaiy drill is thrust forwaid against them by which means 
the concentricity between the hole and the edge is ensured 
The drills emplojed for boung works chucked on the lathe 
have mostly long shafts some parts of which are rectangulai 01 
parallel, so that they may be pi evented fiom revolving by a 
hook wrench, (page 218, Vol I,) a spinner or a hand vice 
applied as a ladius, oi by other means Ihe ends of the dull 
shafts aie pierced with small center holes, m order that they 
may be thrust foiward by the screw of the popit head, either by 
hand or by selfacting motion, nrnielv a connection between 
either the mandrel or the pmne mover of the lathe, and the 
sciew of the popit head, by cords and pullejs, by wheels and 
pinions, or otliei contuvances 
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The dulls figs 476 and 478, p 548 are used foi boung 
ordinary holes , but for those requiring greater accui acy or a 
more exact lepetition of the si ne chainetei the lathe dulls figs 
507 to 509 aie commonly selected Fig 507 which is diawn m 
three views and to the same scale as the foimei examples is called 
the half oounclht , oi the cylinder bit I he extiemityis giound a 
little inclined to the light ingle both honzontall> and \ ertically, 
to about the extent of tlnee to five degrees It is necessary to 
turn out a shallow recess exactly to the diameter of the end of 
the bit as a commencement the circular put of the bit fills 
the hole, and is theieby xetamed central whilst the left angle 
removes the shaving This tool should never be sharpened on 
its diametrical face or it would soon cease to deserve its appcl 
lation of half round bit some indeed give it about one thirtieth 
more of the circumference It is generally made very slightly 
smallei behind, to lessen the friction and the angle, not m 
tended to cut, is a little blunted half way round the curve, that 
it may not scratch the hole fiom the pressure of the cutting 
edge It is lubricated with oil for the metals gener illy but is 
used diy for hard woods and ivory, and sometimes for brass 



The rose bit, fig 508, is also very much used foi light finishing 
cuts mbiass, lion, and steel, the cxtiemity is cylindrical, oi m 
the smallest degiee less behind, and the end is cut into teeth 
like a countersink, the lose bit, when it has plenty of oil, and 
but veiy little to remove, will be found to act beautifully, but 
this tool is less fit for cast iron than the bit next to be described 
The rose bit may be used without oil for the hard woods and 
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ivory, m which it makes a veiy clean hole but as the end of 
the tool is chamfered it does not leave a flat bottomed leccss 
the same as the half louncl bit and is therefoie only used foi 
thoiouglifaie holes 

The drill fig 509 is much employed but especiilly for cast 
non woik, the end of the blade is made very nearly paiallel, 
the two fiont corneis aie ground slightly rounding and aie 
chamfeied the chamfer is continued at a 1 educed angle along 
the two sides to the extent of about two diameters m length 
this portion is not stnc tly paiallel but is very slightly 1 u gest m 
the middle 01 banel shiped this dull is used diy foi cast lion 
Fig 509 m common with all dulls that cut on the side 
by impioper direction cut sideways, mal mg the hole above the 
intended diametei hut when the hole has been loughly boicd 
with a common fluted anil, the end of the littei is used as a 
turning tool, to make an accuiate chamfer, the bit 509 is then 
placed through the stay as shown m fig 510 and is lightl} sup 
poited between the chamfer upon the woik and the conti i ot 
the popit head the moment any pressure comes on the dull, 
its opposite edges stick into the inner sides of the loop (as more 
cleaily explained m fig 511) winch thus xestruns its portion , 
much the same as the point and edges of the turning tools foi 
iron dig into the lest and secuie the position of those tools 
It is requisite the drill and the loop should be exactly ccntnil 
fig 510 sliovs the common form of the sta} when fitted to the 
lathe lest but it is sometimes made as a swing gate to turn 
aside, whilst the piece which has been dulled is removed, and 
the next piece to be opei ated upon is fixed m the lathe Some 
times also the dull 509 has blocks of hudwood attached above 
and below it to complete the encle , this is usuil foi wiought 
non and steel and oil is then employed 

These thiee vaiieties aie exclusively lithe dulls and an 
intended foi the exact repetition of a numbei of holes of tlu 
particulai sizes of the bits, and which, on tint account, should 

9 f 

remove only a tlnn shaving to save the tools fioin weai 

The cjUnder bits, howevei, may be used foi enlaiging hob s 
below half an inch, to the extent of about one thud then di uneU 1 
at one cut, and for holes from half an inch to one inch, about 
one fourth then diameter 01 less, and as the hits me lease m 
size, the proportion of the cut to the dumetei should dccnase 
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with the flange of the popit head enlarged into a table for the 
work which then lies m the horizontal position simply b> gravity, 
or is occasionally fixed on the table by sciews xnd clamps The 
stmcture of these impoitant machines admits of almost endless 
dixersity and m neail} every manufactory some peculianty of 
constiuction may be obseived + 

Figs 512 and 513 exhibit Nasmyth's “Poitable Hand drill 
which is introduced as a simple and efficient example, that may 



serve to convey the general characters of the drilling machines 
The spindle is driven by a pair of bevilpinions the one is attached 
to the axis of the veitical fly wheel, the other to the drill shaft, 
which is depressed by a screw moved by a small hand wheel 
Sometimes, as m the lathe, the drilling spindle rex olves with 
out endlong motion, and the tible is raised by a treadle or by a 
hand lever, but more generally the drill-shaft is cylmdncal and 
revolves m and also slides through, fixed cjhndrical bearings 
The drill spindle is then depiessed m a vanety of ways, sometimes 
by a simple lexer at other times by a tieadle which either lowers 
the shaft only one single sweep, or by a ratchet that bungs 
it down by several small successive steps through a gieatei 
distance , and mostly a counteipoise weight lestoies thepaits to 
their first position when the hand or foot is removed Fnotion 
clutches tiains of differential wheels, and othei modes, are also 
used m depressing the dull spindle, oi m elevating the table by 
self acting motion Frequently also the platfoun admits of an 


* Probably no individual has originated so many useful vanetios of drilling 
machines as Mr Richaid Roberts of the firm of Sharp Roberts and Co 
Manchester 
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adjustment independent of that of the spindle for the sake of 
admitting largei pieces the honzontal position of the phtfoim 
is then retained by a slide to which a rack and pinion move 
ment, 01 an elevating screw, is added * 


Dulling machines of these kinds are generally used with the 
ordmaiy pieicmg drills,and occasionally with pin dulls, thelat 
tei mstiument appeals to be the tjpe of another class of bonng 
tools namel}, cuttei bars , which aie used for works requiting 
holes of gi eater dimensions 01 of supeiioi accuiacy than can 
be attained by the ordmaiy pointed dulls 

Ihe small application of this principle, 01 of cutter bars, is 
shown on the snnescah as the former drills, in fig 514, the 
cuttei c is placed in a diametucal mortise m a cylmdiical 
boring bai, and is fixed by a wedge, the cutter c extends 
equally on both sides, as the two piojections or ears embrace the 
sides of the bai, which is slightly flattened near the mortises 
Cutter bais of the same kind, aie occasionally employed with 
cutters of a vinety of foims, foi making grooves recesses 
mouldings and even sciews upon paits of heav} woil s and 
those which cannot be conveniently fixed m the oulmaiy lithe 
Iig 515 lepiescnts one of these, but its application to screws 
will be found m the chapter on the tools foi sciew-cuttmg 
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The larger apphe xtion of this principle is shown m fig 516, m 
which a cast non cuttei block is kejed fast upon a cjhndinal 
bar the block has four, six, or more giooves in its pcuphciy 


* Tho plitform m i tlrillm machine at Messis Penns Gioomvioli in plicod 
between two side fi lines with fillets a few inches aput so tint it is suppoitcd at 
any height like a single drawei m m empty tia the tiavoiye of tho dull shaft 
is rather mote than tqud to tho spice between tho fillets 
ligures 512 and 513 ue transcribed hom plito 29 of Buchanan h Mill Work 1 
by Ucnmo 1811 and pHtes 29 to 13 a of that woik contain aauous other 
drilling machine s hi mil u to ind ( \plmatnj of ihobi in tt euoml uyo 
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Sometimes the work is done with only one cutter and should the 
bar vibiate the remamdei of the giooves aie filled with pieces 
of hard wood so as to complete tlie bearing at so many points of 
the circle , occasionally cutteis are placed m all the giooves, and 
carefully adjusted to act in succession, that is the first stands a 
little nearer to the axis than the second, and so on throughout, 
m order that each may do its shaie ot the work but the last 
of the senes takes only a light finishing cut, that its keen edge 
may be the longei preserved In all these cutters the one face 
is radial, the othei differs only four or five degrees from the light 
angle and the corneis of the tools are slightlj rounded 

These cuttei bais like the rest of the dnllmg and boring 
machmerj, are employed m a gieat variety of ways, but which 
resolve themselves into three pnncipal modes 

First, the cutter bar revolves without endlong motion, m fixed 
centers 01 bearings, m fact, as a spindle m the lathe the woik 
is traversed, or made to pass the revolting cuttei m a right line, 
for which end the work is often fixed to a tiaversmg slide rest 
This mode requires the bar to measure between the suppoits 
twice the length of the woik to be boied, and the cutter to be 
m the middle of the bar, it is theiefore unfit for long objects 
Secondly the cutter bar revolves, and also slides with endlong 
motion, the work being at rest, the beaungs of the bar are then 
frequently attached m some temporary manner to the work to 
be boied, and aie often of wood * 

In anothei common arrangement, the boring bar is mounted 
m headstocks, much the same as a traversing mandiel, the 
work is fixed to the beaieis cairymg the headstocks and the 
cutter bar is advanced by a sciew The screw is then moved 
either by the hand of the workman by a star wheel, oi a 
ratchet wheel one tooth only m each 1 evolution , or else by a 
system of differential wheels, in which the external sciew has a 
wheel say of 50 teeth, the internal sciew a wheel of 51 teeth, 
and a pair of equal wheels or pinions dnves these two screwy 
continually, so thxt the advance of the one fiftieth of a turn 
of the sciew, or their difference is equally divided ovei each 

* Cylinders of forty inches diameter foi steam engines have "been thus bored 
by ittachmg a cast iron cioss to each end of the cylinder the ciosses are bored 
exactly to fit the boring bar one of them cairies the driving geai and the bar is 
thrust endlong by means of a screw moved by a ratchet oi stu wheel 
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revolution of the cutlei bai, much the same as in. the dif 
ferential motion of the sciew dull, fig 504, page 5G2 

This second method only requnes the mteival between the 
fixed bearings of the cutter bai to be as much longei than the 
woik, as the length of the cuttei block , but the bar itself must 
have more than twice the length of the woik, and requnes to 
slide through the supports 

Cutter bars of this kind are likewise used m the lathe m 
the act of boung the end of the bar then slides like a piston 
into the mandiel Such bais aie commonly applied to the 
sertical boring machines of the larger kinds which aie usually 
fitted with a differential appaiatus, for deteimining the progress 
of the cut, the bar then slides through a collar fixed m the bed 
of the machine 

In some of the large boring machines either one or two 
honzontal slides are added, and by their aid, series of holes may 
be bored m any requned anangement For instance, the 
seveial holes in the beams, or side levels , and cianks of steam 
engines, are boied exactly peipendicular m a line, and at any 
precise distances, by shifting the work beneath the revolving 
spindle upon the guide or lailway, m pieces of other lands the 
woik is moved lateially duimg the revolution of the cutteis, 
for the formation of elongated counteisinks and grooves 

Thirdly In the hugest applications of this pnnciple, the 
boring bar revolves upon fixed bearings without traicrsmg, and 
it is only needful that the boung bai should exceed the length 
of the woik, by the thickness of the cutter block, of winch it 
has commonly several of different 
diameters I ho cuttei block, now 
sometimes ten feet diameter ti a 
veises as a slide down a huge 
boung bai, whose diameter is 
about thnty inches Theie is a 
groove and key to couple them 
together, and the tra\ erse of the 
cutter block down the b ir, is 
caused by a side scicw, upon the 
end of which is a laige wheel that engiges m a small pinion* 
fixed to the statiouarj centei 01 pedestal of the machine With 
e\eiy revolution of the cutter bai, the gicat wheel is tamed 

i i £) 




572 


BROACHES FOR WOOD 


around the fixed pinion, and supposing these he as 10 to 1 the 
gieat wheel is moved one tenth of a turn and theiefoie moves 
the screw one tenth of a turn also, and slowly ti iverses tlic 
cutter block 

The contuvance may be viewed as a huge self acting and 
revolving sliding lest, and the diagram 517 shows that the cutki 
bars are equally applicable to portions of cucles, such as the 
D \alves of steam engines, as well as to the enoimous mtenoi 
of the cylinder itself* See Appendix Note B J l n 6 c 1010 

All the preceding boring tools cut almost exclusively upon the 
end alone They are passed entirely tlnougli the objects, and 
leave each part of their own particular diameter and theiefoie 
cylindrical but I now pioceed to desciibc othei boung tools 
that cut only on their sides go but partly tlnougli the work and 
leave its section a counterpart of the instrument r JLhcse tools 
aie generally corneal and seive for the enlargement of holes to 
sizes inter me drate between the gradations of the drills, and also 
for the formation of conical holes, as for v rives, stopcocks, and 
other woiks The common pointed dull, or its multiplication 
m the rose counteismk is the type of the senes, but m gem lal 
the broaches have sides which are much more neaily parallel 


SECT V-BROACHES FOR MAXING TABER HOLES 


The tools for making tapei holes are much less varied than 
the drills and boring tools for cylindrical holes Thus the 
carpenter employs only the inner which is a fluted tool like the 
generality of his bits it is sharpened from within, as shown m 
fi g 518, so as to act like a paring tool Flutes and claiioncts 
Fjgs £18 520 521 5^2 523 524 525 526 
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are first perforated with the nose bit and then broached with 
taper holes, by means of tools of this kind, winch au vuy 


* There is generally a small intermediate wheel between the two itproHuifccd, 
many other details of the laige boring imehmes will also be found m Buell m m h 
M ill Work as already noticed 
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carefully graduated as to their dimensions Fig 519 repiesents 
a Greiman rimer, used by wheelwrights for inlaying the boxes of 
axletiees, the loose blade is sepaiated fioni the shell of the 
mstiument, by introducing slips of leathei oi wood between the 
two, the detached cutter fits on a pm at the fiont, and is fixed 
by a img oi collai against the shaft 

A curious nmei foi the use of wine coopers, was invented by 
the late Mr John Hilton by which the holes were made more 
tmly cnculxr, and the shavings weie prevented fiom. dioppmg 
into the cask The stock of the mstiument consisted of a 
hollow brass cone, seen m section m fig 520 , down one side 
there was a slit for containing a narrow blade oi cutter, fixed by 
three or foui sciews placed diametncall} The tube was thus 
converted into a conical plane , the shavings enteied within the 
tube, and weie removed by taking out a coik from the small 
end of the cone * 


The broaches for metal aie made solid, and of vanous 
sections as half lound, like fig 521, the edges aie then lectan 
gulai but moie commonl} the bioaches aie polygonal, as m 
fig 522 except that they h ive 3 4,5 6 and 8 sides and their 
edges measuie respectively 60, 90 108, 120, and 135 degiees 
JLlie four, five, and six sided bioaches are the most general, and 
the watchmakeis employ a round bioach m which no angle 
exists, and the tool is thcrefoie only a buimshei, which com 
pusses the mctil and rounds the hole 

Oidmxiy broaches aie very acute, and fig 528 may be con 
sid( led to repiesent the geneial angle at which then bides meet, 
nimcly less than one or two degiees the end is usually 
cliamfaed oft with as many facets as there are sides, to make a 
pcnctiatmg point, and the opposite exticinity ends m a squaie 
tang , oi shank, by which the mstiument is woilted 

Squaie bioaches, alter having been filed up, aie sometimes 
twisted whilst red hot, fig 527, shows one of these the icctm 
gulai section is but little distuibc d, ilthough the fa<cs become 
slightly concave 1 he advnitage of the tool appeals to exist 
m its sciew loim when it is turned m the dncction of the spual, 
it cuts with avidity and lequucs but little picssuK, as it is 


* See Trans Soc of Artw 1830 vol xlvm page 1 } 5 
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almost disposed to dig too forcibly into tlie metal when turned 
the reveise way as m unsciewmg ltiequnes as much or moie 
pressure than similar broaches not twisted This mstmment, if 
bent m the direction of its length, either m the act of twisting 
01 hardening, does not admit of collection by grinding, like 
those broaches having plane faces It is not much used, and is 
almost restricted to wi ought iron and steel 


Large countersinks that do not teimmate m a point ire 
sometimes made as solid cones a groove is then foimed up one 
side and deepest towards the base of the cone, for the mseition 
of a cutter, see fig 523 As the blade is nai rowed by sharpen 
mg it is set a little forward m tlie direction of its length to 
cause its edge to continue slightly m advance of the general 
surface, like the iron of a plane foi cutting metal 

Tig 529 represents Mr Richard Robeits broach, in which 
four detached blades are introduced, for the sake of retaining 


Fig 5°Q 



t e cone or angle of the broach with greater facility The bar 
or stock has four shallow longitudinal grooves, which are nearly 
radial on the cutting face and slightly undercut on the other 
The grooves are also rather deeper behind, and the blades aie 
a little wedge foim both m section and m length to constitute 
the cone and the cutting edges In lestoung the edges of the 
blades they aie lemoved fiom the stock and their angles aie 
then more easily tested when replaced, they aie set neaier to 
the point, to compensate for their loss of thickness 


Broaches are also used for peifectmg cylindrical holes, as well 
as for making those which aie taper The broaches are then 
made almost parallel, or a veiy little the highest m the middle, 
they are filed, with two or thiee planes at angles of 90 degieos, 
as m figs 524 or 52o The circular pait not being able to cut, 
selves as a more ceitam base or foundation, than when the tool 
is a complete polygon, and the stems are commonly made 
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small enough to pass entirel} through, the holes, which then 
agree very exactly as to size Such tools aie therefore rather 
entitled to the name of finishing dulls, than bioaches 

The size of the parallel broaches is often slightly increased, 
hy placing a piece or two of papei at the convex part, leather 
and thin metal ai e also used for the same puipose Gun barrels 
are bioached with squire bioaches, the cutting parts of which 
aie about eight to ten inches long, they me packed on the four 
sides with slips oi spills of wood, to complete the cncle, as in 
fig 526 m which the tool is supposed to be atwoik The size 
of the bit is piogressively enlaiged by introducing slips of thin 
paper, piece by piece between two of the spills of wood and the 
broach, the paper throws the one angle moie towards the 
center of the hole, and causes a corresponding advance in the 
opposite or the cutting angle Sometimes, however, only one 
spill of wood is employed 

A broach used by the philosophical instrument makers in 
finishing the ban els of air pumps, consisted of a than plate of 
steel inserted diametrically between tv\o blocks of wood, the 
whole constituting a cylindei with a scraping edge slightly m 
advance of the wood, slips of paper were also added 

According to the size of the broaches, they are fixed m 
handles like brad awls, they aic used m the biace, or the tap 
wiencli, namely, a double ended lever with squaic cential holes 
Sometimes, also, hi caches are used in the lathe just like dulls, 
and for laige works, broaching machines aie employed , these 
aie little moie than dining gear terminating m a simple land 
of universal joint, to lead the power of the steam engine to the 
tool, which is generally left under the guidance of its own edges, 
aceoichng to the common principle of the instrument 

In dulls and bioaches the penetrating angles are commonly 
moie obtuse than m turning tools, thus in dulls of limited 
dimensions, the hook foun of the turning tool for iron is map 
phcablc, and in the huger examples, the permanence of the tool 
is of more consequence than the increased fnetiou But on account 
of the addition il friction excited by the nearly rec t mgular edges, 
it is commonly necessary to employ a smaller velocity m holing 
than in turning ooricbpondmg diametiis, m older to avoid soft 
ening the tool by the heat gcnciated and in the ductile fibrous 



576 


DRILLS AND BROACHES COMP ABF D 


metals as wrought iron, steel, coppei and others, lubnc xtion 
with oil water, &c , becomes more necessaiy than m turning 

The drills and broaches form together a complete senes 
First the cylinder bit the pm drills, and others with blunt sides, 
pioduce cylmdncal holes by means of cutters at right angles to 
the axis, then the cuttei becomes inclined at about 45 degrees, 
as m the common piercing drill and cone countersink, the angle 
becomes much less m the common taper broaches, and finally, 
disappears m the paiallel broaches, by which we again pioduce 
the c}lmdiical hole but with cutters parallel with the axis, of 
the hole 

Still considering the dulls and broaches as one gioup the 
dulls have comparatively thin edges, alwa) s less than 90 degrees, 
yet they lequne to be mged foiwaid by a sciew oi otherwise, 
the lesistance being sustained m the line of their axes The 
broaches have muchmoie obtuse edges never less than 90 and 
sometimes extending to 185 degrees , and yet the greater force 
requned to cause the penetration of their obtuse edges into the 
material, is supplied without any screw, because the pressure m 
all these varied tools is at light angles to the cutting edge 

Thus supposing the sides of the broach extended until they 
meet m a point as m fig 528, we shall find the length will very 
many times exceed the diameter, and by that number will the 
force employed to thrust foiwaid the tool be multiplied, the 
same as in the wedge, whethei employed m splitting timbei or 
otheiwise, and the broach being confined m a hole, it cannot 
make its escape but acts with gieat lateral piessure, directed 
radially from each cutting edge and the broach under proper 
management leaves the holes very smooth and of tiue figure 
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CHAPTER XXYI 

SCREW CUTTING- TOOLS 
SECT I—INTRODUCTORY REMARKS 

An elemental y idea of the form of the screw, or helix, is ob 
tamed by considering it as a continuous circular wedge, and it 
is readily modelled by wrapping a wedge-formed piece of paper 
aiound a cylinder, the edge of the paper then represents the 
line of the screw and winch preserves one constant angle to 
the axis of the contained cylinder, namel}, that of the wedge 
The ordinary wedge 01 the diagonal maybe produced by the 
composition of tw o ximfojm rectilinear motions, which if equal, 
pioduce the angle of 45°, or if unequal vanous angles moie or 
less acute and m an analogous mannei, the cnculir wedge or 
the screw nuay be pi oducecl of every angle 01 coaiseness, by the 
composition of an umfoiin circular motion, vith an nmfoim 
rectilinear motion And as either the rectilme u 01 the cncular 
motion may be given to the woik 01 to the tool mdifieientlj, 
there aie four distinct inodes of producing sciews, and winch 
aie all variously modified m practice 

The screw admits of great diversity it may possess any dia 
meter, it may also have any angle that is, the internal between 
the tlncads maybe eithei coaise or fine according to the angle 
of the wedge, or the ratio of the two motions and the wedge 
may he wound upon the cylinder to the light hand or to the 
left, so as to produce either light or left hand screws 

The idea of double tuple, 01 quadiuple sciews, will be con 
v( yedby considenng two, three, or four black lines drawn on the 
uncovered edge of the wedge formed paper, 01 likewise by two, 
tlnee or four strings or wires placed m contict, uid coiled as a 
flat band aiound the c}linder,the angle remains un titered, it is 
only a multiplication of the furrows 01 threads and lastly, the 
screw may have any section, tint is, the section of the worn or 
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thread may be angular, square, round, or of any arbitrary form 
Thus far as to the variety m sciews 

The impoitance of this mechanical element, the screw, m all 
works m the constructive arts is almost immeasurable For 
instance gieat numbers of sciews are employed meiely for con 
nectmg together the different p irts of which vanous objects are 
composed, no other attachment is so compact, powerful or 
geneially available, these binding or attachment screws require, 
by comparison the least degree of excellence Other sciews are 
used as ? egulatmg screws for the guidance of the slides and the 
moving parts of machinery,for the sciews of presses and the like, 
these kinds should possess a much greater degree of excellence 
than the last But the most exact screws that can be pioduced, 
are quite essential to the good peiformance of the engines 
employed in the giaduation of right lines and circles and of 
astionomicnl and mathematical instruments, m these delicate 
micrometncal screws our wants ever appear to outstrip the 
most lefined methods of execution 

The attempt to collect and describe all the ingenious con 
tuvances which have been devised for the construction of screws, 
would be in itself a work of no ordinary labour or extent I must, 
therefore, principally restrict myself to those varied processes 
now commonly used m the woikshops, for producing with com 
parative facility, sciews abundantly exact for the gieat majority 
of purposes It has been found rather difficult to arrange these 
extremely different processes m tolerable order but that which 
seems to be the natural order has been adopted thus 

There appears to be no doubt, but tb atm the earliest production 
of the appaiatus for cutting screws, the external screw was the 
first piece made this plain cneular meta] screw was serrated and 
thus converted into the tap, or cutting tool, by which internal 
screws of conespondmg size and foim were next produced and 
one of these hollow screws , or dies , became m its turn the means 
ol regenerating with increased tiuth and much gieater facility, 
any number of copies of the original external screw In these 
several stages there is a progiessive advance towards peifcction, 
as will be hereafter adverted to 

These hand processes are mostly used for screws, which 
are at least as long if not longei than then diameters The 
rotatoiy and rectilinear guides, and the one 01 several series of 
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cutting points aie then usually combined within the tool 
This first group will be consicleied in three sections namely 
II On originating screws 

III On cutting internal screws, with sciew taps 
1Y On cutting external screws with sciew dies 
Subsequent impiovements have led to the emploj ment of the 
lathe, m pioducmg from the above, and in a variety of ways, still 
moie accuiate sciews These methods are sometimes usedfoi 
screws which possess only a portion of a turn, at othei times for 
sciews twenty or thnty feet long and upwauls The lotatoiy 
guide is always given b\ the mandrel, the rectilineal guide is 
variously obtained, and the detached screw tool 01 cuttei, may 
have one single point, 01 one senes of points which touch the 
cncle at onl} one place at a time This second group will be 
also considered in thiee sections, namely 

Y On cutting screws, m the common lathe by hand 
VI On cutting sciews, m lathes with tiaveismg mandrels 
VII On cutting screws, m lathes with tiaversmg tools 
It may be furthei obseived that the modes described m the 
six sections aie m general applied to very different purposes, 
and are only to a limited extent capable of substitution one for 
the other it is to be also remained that it has been considered 
convenient, m a great measme to abandon 01 rather to modify 
the usual distinction between the tools respectively used for 
wood and for metal The eighth and concluding section of this 
chapter describes some refinements m the production, of screws 
which are not commonly practised, and it is m some measuie a 
sequel to the second section 

SECT II—ON ORIGINATING SCREWS 

It appears more than piobable, that in the earliest attempts 
at making a screw, a sloping piece of paper was cemented around 
the iron cylinder, this oblique line was cut through with a stout 
knife or thin edged file, and was then gradually enlarged by 
hand until it gave a rude form of screw Doubtless, as soon as 
the application of the lathe was geneially known, the work was 
mounted between centers so that the process of filing up the 
groove could be moie easily accomplished, or a pointed turning 
tool could be employed to assist Such, m fact, is one of the 
inodes recommended by Flumier, for cutting the screw upon a 
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I^tlie mandrel for leceiving the chucks even m preference to 
the use of the die stocks which he uiged weie liable to bend 
the mandiel m the act of cutting the sciew * 

Neaily similai modes have been repeatedly used for the pro 
duction of oiigmal screws , one account difieung m sevei il 
respects fiom the above is descubecl as hTvmg been vciy sue 
cessfully resoited to abote fifty jeais back at the Soho woiks, 
Biiiningkam, by a woikman of the name of Anthony Bobmson, 
before the introduction of the screw cutting lathe 

Ihe screw was seven feet long six inches diuneter and of a 
squue tuple thiead, aftei the sciew wis accurately turned as a 
cyhndei, the papei was cut paiallel exictly to meet aiound the 
same and wasiemoved and mail ed m ink with paiallel oblique 
lines, lepiesenting the mugms of the threads, and having 
been lepliced on the cylmdei the lines weie pucked tluough 
with a centei punch Ihe papei was agun lemoved, the dots 
were connected by fine lines cut m with a file, the spaces weie 
then cut out with a chisel and hammci and smoothed with a 
hie to a sufficient extent to serve as a lead or guide 

The partly formed sciew was next temporarily suspended m 
the center of a cist iron tube or box stiongly fixed against a 
horizontal beam, and melted lead mixed with tm was pouied 
into the box to convert it into a guide nut, it then only lemamed 
to complete the tluead by means of cutteis fixed against the 
box 01 nut but with the power of adjustment m fact m a kind 
of slide lest the sciew being hinded round by levels t 

Another veiy simple way of originating screws, and which is 
sufficiently accurate foi some puiposes, is to coil a small wne, 
aiound a laiger stiaight wire as a nucleus this* last is fie 
quently the same wne the one end of which is to be cut mto the 
screw Ihe covenng wne whose dumeteris equal to the space 
lequned between the tlneads of the sciew is wound on close 
and tight and mule fast at each end Ihe coiled screw, being 
enclosed between two pieces of liaid wood, indents a hollow 01 
counterpait thicad sufficient to guide the helical tiavcise and 
a fixed cutter completes this simple apparatus Sec Appendix 
Note B K, page 1010 

* L Ait du Tourneur by Planner 1701 pages 15—19 

h This mode which is described m Gill s Tech Repos vol vi p 261 is said 
to have excited at the time great admiration fiom its success It is prohibit a 
gun metal nut was cast upon this screw for use after the screw was finished 
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Common screws, for some household purposes, have been 
made of tinned iron wne two covenng wires me lolled on 
together, the one being lemovecl leaves a space such as the 
ordinaly hollow of the tlnead, and when these screws aie 
dipped in a little melted tm the two wires become soldered 
together 

Other modes have been resorted to for making original screws, 
by indenting a smooth cylinder, with a shaip edged cutter placed 
across the same at the required angle and trusting to the sui 
face or rolling contact, to pioduce the rotation and tiaveise of 
the cylinder with the development of the screw In the most 
simple application of this method, a deep groove is made along a 
piece of board in which a straight wire is buried a little beneath 
the suiface, a second groove is made nearly at right angles 
acioss the first, exactly to fit the cutter, which is just like a 
table knife, and is pi iced at the angle reqiuiedm the sdew 
The cutter when slid ovei the wire indents it canies it lound 
and travelses it endways m the pith of a screw a helical 
line is thus obtained which by cautious management maybe 
perfected into a sciew sufficiently good foi mmy purposes 

The late Mi Hemy Maudslay employed a cutter upon c^lm 
deis of wood, tin biass iron, and other matenals, mounted to 
revolve between centeis rn a tmngulir bai lathe, the knife was 
hollowed to fit the cylmdei and fixed at the reqimed angle on 
a block adapted to slide upon the bu , the oblique incision 
carried the knife along the revolving cylinder Some hunchcds 
of screws were thus made, and then agreement with one another 
was in many instances quite remaikable on the whole he gave 
the preference to tins mode of originating screws * 

Mi Allan s appaiatus foi originating sciewsfor astronomical 
and other purposes is repiesented m plan m fig 530, m side 
elevation m fig 531, and 532 is the front elevation of the cutter 
frame alone Ihe piece intended for the screw, namely a a fig 
530, is turned cj lindrical, and with two equal and cylmdiicxl 
necks it is supported m a metal frune with two semi cncular 

* The reader is also rcfeired to the Ti-ins Soc of Arts vol xlu page 127 for 
the descnption of IVIi Walsh s method of making ongmal screws hy rolling coil 
tact or with a shoit screw mounted as a milling tool to act only "by pressure (see 
also figs 587 and 588 page 604 of this volume ) the method appeals however to 
he cncuitous chihcult an 1 very questionable The mstiument hg 30 page 124, 
vol i for cutting snakei m horn is vir ually in on^inator of smews 
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bearings* 6 6* which aie fixed on a slide moved b } an adjusting 
screw c speaking of the appaiatus the inventor says 

“ The instrument geneiates original screws perfectly tiue, of 
any number of threads* and light oi left handed In this case, 
the stock and cutter are made as m figs 530 531 and 5 12 , 
the back of the stock is mxde into the segment of a cncle s 
and the top of the cutter is continued into an index, t I he 
cutter is a single thread, and moves on its edge, % as a center 
This must fit true, and the stock fit close to the cuttei, to keep 
it perfectly steady u u, two screws to adjust and fisten the 
cutter to any requned angle The cuttei should be lathu 
elliptical for it is best to fit well to the cylmdei at the greatest 
angle it will be ever used When one turn has been given to 



the cylinder, fig 530 a tooth w is put into the cut, and 
screwed fast this tooth secures the lead, and causes cvciy 
following thread to be a repetition of the fust and, though it 
might do without yet this is a satisfactory secunty 

* See Trans Soc of Aits 1816 vol xx\iv p 206 J lie ongi avoids are copied 
from figs 6 to 12 of plate 23 An msti ament based on tlio same y noral pi m ih 
descubed m the Mech Mag 1836, vol xxv p 377 but it is gu itly mfaun to 
the above 
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In cutting culinary screws, the dies, shown sepuatelj m 
figs 533 to 536, the con si delation of which is for the 
present deferred, take the place of the oblique cuttei in the 
foimer figures 

The screw is also ongmated, by tiaversmg the tool m a right 
line alongside a plain levolvmg cylinder Sometimes the tool 
has many points and is guided by the hand alone at other 
times the tool has but one single point and is guided mechani 
cally so as to pioceed say one inch or one foot m a light line, 
whilst the cj lmder makes a definite number of l evolutions I he 
tool is then tiaversed either by a wedge placed transveisely to 
the axis, by a chain or metallic band placed longitudinally, or by 
another screw, connected m various wajs with the screw to be 
produced by wheel work and other contrivances 

It would be injudicious to attempt at this place the explana¬ 
tion of these complex methods of originating screws some of 
them will, however, be introduced m the course of this chapter, 
whilst, for greater perspicuity, others will be deferred unto its 
latter pages The next section will be now proceeded with on 
the supposition that a screw of fair quality has been ongmated 
by some of the means refeired to 

SECT III—ON CUTTING INTERN 4L SCREWS WITH SCREW TAPS 

The screw is converted into the tap, by the removal of paits 
of its circumference m older to give to the exposed edges a 
cutting action, whilst the cncular paits which remain, serve 
foi the guidance of the instrument within the helical gioove, or 
hollow thread, it is required to foim 

In the most simple and pnmitive method four planes were 
filed upon the sciew as m fig 537, but this exposes very obtuse 
edges which can hardly be said to cut, as they form the thiead 
partly by indenting and paitly by raising or burling up the 
metal, and as such they scarcely produce any effect in cast lion 
or other ciystallme matenals Conceiving as m fig 537, only 
a very small portion of the circle to remain, the working edges 
of squared taps, form angles of (90 + 45 oi) 135 clegices WLtlx 
the ciicumfeiencc, and the ingle is the gieatci,the moie of the 
aide that remains It is better to file only thiee planes as in 
fig 538, but the angle is then as gieat as 120 degrees even 
under the most favourable cncumstances 
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In taps of tlie smallest size it is imperative to submit to these 
conditions and to employ the above sections Sometimes small 
intermediate facets or planes are tipped off a little obliquely 
with the file, to relieve the surface faction this gives the instiu 
ment paitly the chaiactei of a six or eight sided bioich, and 
improves the cutmg action 


Figs 537 538 5 39 540 541 512 



Theie appeals to be no doubt but that for general purposes, 
the most fivoui ible angle for the edges of scicw taps and dies, 
is the lath il line or an angle of 90 degrees 11ns condition 
mimfesJy exists m the half lound tap fig 539, which is advo 
cited in the annexed quotation fiom Sn John Robison who m 
speaking of the tap, sajs I piopose that this should be made 
half lound as it will be found tint a tap formed m this way 
will cut a full clear thread (even if it may be of a sharp pitch) 
without miking up anypait of it by the buir as is almost 
umveisally the case, when blunt edged oi grooved taps aie 
used ’ 

“ If h as sometimes been objected to me by persons who had 
not seen half lound tapo m use, that from their containing 
less substmce than the common forms do, they must be veiy 
liable to be bioken by the stiam lequixed to turn them m the 
woik It is pioved, however by expenence, that the strain m 
their case is c o much smallei than usual that theie is even less 
chance of breaking them than the stoutei ones Workmen are 
awaie that a half lound opening bit makes a bettei hole and 
cuts fastei than a five sided one, ind yet that it lequucs loss 
foice to use it * 

Fig o40 m which two thuds of the cncle aie allowed to remain,, 
has been also employed foi taps, this, although somewhat less 
penetrative than the last, is also less liable to displacement with 
the tap wrench It is much moie usual to employ tlnceradiil 
cutting edges instead of one only, and a& m the best for ms of 


Select Fipers re id before the Soc of Aits foi Sootlmd vol 


l pagt 41 
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taps, they are only required to cut m the one direction, or when 
they are screwed into the nut the other edges me then cham 
feied to make room foi the shavings theiehy giving the tip a 
section somewhat like that of a latchet wheel, with either three, 
four, or five teeth, as m figs Oil and 549 

It is more common however, either to file up the side of the 
tap, or to cut by machineiy, three concave 01 elliptic il flutes as 
m 542 , this form sufficient]} appioximites to the desidei itunr 
of the radial cutting edges it allows plenty of room foi the 
shavings, and is easily wiped out What is of equal oi gierter 
importance, it piesents a symmetrical figure little liable to 
accident in the hardening either of distoition fiom unequil 
section, as m figs 539 and 540, or of clacking fiom internal 
angles, as m 540 and 541 * 

Still considering alone the transveise section of the tap, it 
will be conceived that befoie any of the substance can be re 
moved from the hole that is being tapped, the cnculai pait of 
the instiument must become embedded into the metal a quantity 
equal to the thickness of the shaving, and m this lespect figs 
537 and 538 in wlucli the cncular parts are each only the tenth 
or twelfth of the cucnmfeicnce appeal to have the advantage 
over the modem taps 511 and 5P m which each aic is twice is 
long Such, howcvei, is not the case, as the fiist two act moie 
in the mannei of the bioich, if we conceive that mstiument to 
have senated edges butfigs 511 and 542 act neatly as turning 
tools, as m geneial the outer oi the circulai siuface is slightly 
lclieved with a file, so as to leave the cutting edges a, somewhat 
m advance of the geneial peiipliciy which is equivalent to 
cliamfumg the lowei plane of the turning tool some 3 dogices 
(see page 514) to pioduce tliatielief which has been appio 
pi lately named the angle of sepai ation 

But in the tap fig 543, patented by Mi G- Bodmci of Man 
Chester, this is still moie efiectuall} accomplished The liistiu 
meat instead of being turned of the oidinary cueulai section 

* In fluting tups as m cutting the teeth of wheels the tap n wheel is fi« 
quently chucked m the lithe just us iu turning but the mundiel is hold at lost 
by the dividing plate and the tool is a cutter i evolving liouaontally uid ti i 
versed thiough the groove by the slide rest seiew lho round flutes vro made 
with eutteis having semieireuUr edges and plaeed eontially the i ateliet ioi in 
flutes uro made with thick saws or squaie edged eutteis tho ono ulgc of those u» 
placed to intei sect tho eentoi of the tup und loaie the ladnl edge 



586 COMPARISON OP THE TRANSVERSE SECTIONS Or TAPS 

m tlie lathe (or as the outer dotted line) is turned with thiee 
slight undulations, by means of an alternating radial motion 
gr\en to the tool From this it results, that when the summits 
of these lulls are conveited into the cutting edges, that not only 
are the extreme edges 01 points of the teeth made prominent, 
but the entne senated surface becomes inclined at about the 
thiee degiees to the external circle, or the line of woik so as 
exactly to assimilate to the turning tool, and tlieiefoie theie is 
little doubt but that, under equal circumstances, Mi Bodmci s 
tap would woik with less friction than any other 




The punciple of chamfering, or relieving the taps, must not 
however, be earned to excess, or it will lead to mischief, in ex 
planation of which the diagrams 544 545, and 516 may he ton 
sidered paiallel with the forms 429 430, and 431, of page 5 
For example the tap, if sloped behind the teeth asm 511, would 
be much exposed to fracture, and the mstiument being entire ly 
under its own guidance, the three senes of keen points would 
be apt to stick nregulaily into the metal, and would not pioducc 
the smooth, cncular, or helical hole, obtained when the tool 5 j > 
is used, which may be consicleied paiallel with tin turning tool 
fig 430 Ihe relief should be slight, and the smlaccs ol the 
teeth then assimilate to the condition of the gia\er for coppei 
plates (see page 532), and theicby direct the tap in a vuy 
supenor manner 

The teeth sloped m front, as in figs 546, would cataml} cut 
more keenly than those of 545, but they would be much molt 
exposed to accident, as tlie least backward motion oi moIuuc 
would be liable to snip off the keen points of the tc< th md 
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therefore, on the score of general economy and usefulness the 
ladial and slightly relieved teeth of fig 545, or rather of 542, 
aie proper for working taps 

It appears further to be quite impolitic, entirely to expunge 
the smface beaiing or squeeze fiom the taps and dies, when 
these are applied to the ductile metals as not only does it, 
when slight, gieatly assist m the more perfect guidance of the 
instrument but it also serves somewhat to condense 01 compress 
the metal * 

The transverse sections hitheito leferred to, aie alwajs used 
for those taps employed m screwing the inner surfaces of the 
nuts and holes requued m general mechanism The longi¬ 
tudinal section of the woiking tap, is taper and somewhat like a 
broach, the one end being small enough m external diameter 
to enter the blank hole to be screwed and the other end being 
as large as the screw for which the nut is intended 


Fig 547 



sab l g It, 


In many cases a series of two, three, or four taps must be used 
instead of only one single conical tap, and the modifications 
m their construction aie explained by the above diagrams, 
namely, fig 547, the tap formeily used foi nuts and thorough 
faie holes and fig 548 the modern tap for the same puiposes, 
the dotted lines m each represent the bottoms of the tlneads 

* Unless the taps cut very freely it is the general aim to avoid the necessity 
for tapping cast iron which is a granular and crystalline substance apt to ciumble 
away m the tapping or m the after use I he genei il i emedy is the employment 
of bolts and nuts made of wrought iron oi fixing sciewod wrought non pms m the 
woik by means of transveise keys and other contnvances and sometimes by the 
msution of plugs of gun metal to be aftei wards tapped with the sciew thieads 
In ginmal ilso the screws for east non are coarse and slnllowm the thiead 
compared with those for wi ought n on steel, and bnss 

Q O 2 




688 modern poems of taps 

In the former kind, the thread was frequently finished of a 
taper figure with the screw tool m the lathe, after which eit id 
the four or three plane surfaces were filed upon it, as shown by 
the section at s the neck from ftog was as small as the bottom 
of the thread, and the tang from g to h was eitliei square 01 
rectangular for the tap wrench The tang if square was also 
taper, the tap wrench then wedged fast upon the tap the sit es 
of the tang if parallel were rectangular, and measured as about 
one to two, and there were shoulders on two sides to sustain t xe 
wrench 

In the modern thoroughfare taps for nuts diawn to the 
same scale m fig 548 the thread is left cylindrical, liom the 
screw-tool or the dies then fiom a to Z>, or about one diameter 
m length is turned down cylindrical until the thread is noaily 
obliterated, from cl to f 9 also neaily one diameter m length 
at the other end, is left of the full size of the holt, and the 
intermediate pait, b to d equal to three or four diameteis, is 
turned to a cone, after which the tap is fluted as seen at s 
The neck/g as before is as small as the bottom of the tlnead, 
and the square q h, measuies diagonally the same as the turned 
neck 

In using the modern instrument fig 548, the hole to be 
tapped is bored out exactly to fit the cylindrical plug cc b , which 
therefore guides the tap very perfectly in the commencement, 
the tool is simply passed once through the nut without any 
retrograde motion whatever and the cylindrical pazt d f, take s 
up the guidance when the laiger end of the cone entcis tlu 
hole, at the completion, the tap diops thiough, the head being 
smaller than the bottom of the thread The old four squat o 
taps could not be thus used for as they rathei squeezed than 
cut, they had much more friction, it was necessary to move 
them backwards and forwaids and to make the square for the 
wrench larger, to avoid the risk of twisting off the head of the 
tap In taps of modern construction of less than half an inch 
diameter,it is also needful to make the squares laiger than the 
proportion employed m fig 548 

In tapping shallow holes as only a small portion of the end 
of the tap can be used, the screwed part seldom exceeds two 
diameters m length, and as they will not take hold when math 
too conical, a succession of three or four taps is generally 
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lequned The sciewed part of the fhst may he considered to 
extend from a to b of fig 547, of the second, from c to d of the 
thud fiom e to / so that the pnor tap may, m each case, 
prepare for the reception of the following one The taps are 
generally made in sets of three , the first, which is also called the 
entering or taper tap, is m most cases regularly taper throughout 
its length, the second, or the middle tap is sometimes taper, 
but more geneially cylindrical with just two or three threads at 
the end tapered off the third tap which is also c illed the plug 
or finishing tap, is always cylindrical except at the two or thiee 
first threads, which are slightly reduced 


Taps are used m various ways according to the degree of 
stiength requned to move them The smallest taps should 
have consideiable length, and should be fixed exactly in the axis 
of stiaight handles the length serves as an index by which the 
tiue position of the instrument can be verified m the course of 
woik with the same view as to observation and as an expeditious 
mode, taps of a somewhat larger size are duven round by a 
hand brace, whilst the work is fixed m the vice Still larger 
taps lequue tap wienches 01 levers with central holes to fit the 
squaie ends of the taps , for sciew taps from one to two inches 
diameter, the wrenches have assumed the lengths of from four 
to eight feet, although the recent improvements m the taps 
have reduced the lengths of the wrenches to one half 

Notwithstanding that the hole to be tapped may have been 
dulled stiaight, the tap may by improper direction proceed 
obliquely, the progress of the operation should be therefore 
watched, and unless the eye serve readily for detecting any 
falseness of position, a square should be laid upon the work, 
and its edge compared with the axis of the tap m two positions 
In tapping deeply seated holes, the taps are temporarily 
lengthened by sockets, frequently the same as those used m 
dulling winch are represented m fig 501, page 560, the tap 
wicnchcan then surmount those parts of the woik which would 
otherwise pi event its application 

Sometimes, foi tapping two distant holes exactly m one line, 
the oidinar y taper tap, fig 518 is made with the small cylin¬ 
drical part Or b exceedingly long, so as to leach from the onq 
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hole to the other and serve as a guide or director This is only 
ail extension of the short plug cvb fig 548, which it is desirable 
to leave on most taps used for thoroughfare holes 

Some works are tapped whilst they are chucked on the lathe 
mandrel m this case the shank of the tap, if m false position 
will swing round m a encle whilst the mandrel revokes, instead 
of continuing quietly m the axis of the lathe Sometimes the 
center point of the popit head is placed m the center hole m the 
head of the tap m those which are fixed m handles it is better 
the handle of the tap should be dulled up to receive the cylinder 
of the popit head as in the 1 itlie taps for making chucks this 
retains the guidance more easily 


Taps of large size, as well as the generality of cutting instill 
rnents have been constructed with detached cutters For those 
exceeding about lj inch diameter, Mr Ricliaid Jones rocom 
mends two steel plugs a ct, to be inserted within taper holes in 
the body of the tap, as repiesented m fig 549, and m the two 
sections b and c , the whole is then screwed and hardened 



fig 549 
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The advance of the cutters slightly beyond the geneial line 
of the thread, is caused by placing a piece of pajiei within the 
moitises a a , and to lelieve the surface fuction, each alternate 
tooth m the middle pait of the length of the tap is filed awa} 
Sometimes the cutters are parallel, and inserted only partway 
through and are then projected by set screws placed also oil 
the diameter as m the section c * 

The cutter bar, fig 515 p 5GO, may also be viewed as a tap 
with detached cutters I he cylmdnoal bai is supported m tem¬ 
porary fixed beanngs, one of which embraces the thread (some 
• times by having melted lead pouied aiound the same), the bar 
moves therefoie in the path of a screw In cutting the external 


* See Trana Sot, of Aits, 18 >9, vol xlvn p 135 
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thiead, the cuttei repiesented is shifted inwards witli the pro 
gress of the work , or a straight cutter shifted outwaids, serves 
for making an internal screw pointed instead of serrated 
cutteis may be also used, they aie frequently adjusted by a set 
sciew instead of the hammer, and aie woiked by a wrench 
1 his sciew cuttei bar, independently of its use for large 
awkwni d woiks, is also employed for cutting, m their respective 
situations sciews lequned to be exactly in a lme with, holes 01 
fixed healings, as the nuts of slides, presses, and sn ular woiks 


Some taps or cutters are made cylindrical, and are used for 
cutting narrow pieces and edges, such as sciew cutting dies 
screw tools and worm wheels tlieiefoie it is necessary to leave 
much moie of the cucle standing, and to make the notches 
nanowei than the width of the smallest pieces to be cut Bat 
the grooves should still possess ladnl sides and when these aie 
connected by a cuned line, as in fig 550, theie is less risk of 
accident in the hardening The number of the notches increases 
with the diametei, but the annexed figuie would be better pio 
portioned if it had one or two less notches, as inadvertently the 
tcotli li ive been di iwn too we \k 


Figs 550 


551 



When the tool, figs 550 and 551, is used for cutting the dies of 
die stocks it is called an original tajg of which further particulars 
will be given m the succeeding section , the tool is then fixed m 
the vice, and the die stock is handed round, as m cutting an 
ordinary screw When 551 is used for cutting up screw tools 
or the chasing tools for the use of the turning lathe, (figs 401 
and 405 page 519 ) the cuttei is then cillcd i hob, or a bciew- 
tool cutter, and its di imetci is usually gieatci, it is now mounted 
to i evolve m the lathe, and the screw tool to be cut, is laid on 
the lest is m the process of tuning, and is pressed forcibly 
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against the cutter* Fig 551 is also used as a worm, wheel 
cutter that is for cutting or for finishing the hollow sciew foim 
teeth, of those wheels which are moved by a tangent sciew as 
m the dividing engine for circular lines and many other cases m 
ordinaiy mechanism The worm wheel cutter is frequently set to 
ievolve m the lathe, and the wheel is mounted on a tempoiary 
axis so as to admit of its being earned round honzontilly by the 
cutter, sometimes the wheel and cutter are connected by gear \ 

Attention has been lutheito exclusively directed to the forms 
of the taps used foi metal but those for wood are veiy similar 
the tap fig 342, p 584, with three oi four flutes, being the most 
common those of largest size are cast m iron, and requne only 
a little filing up to sharpen the teeth 

Different taps with loose teeth, have been adopted for wood 
screws of modeiately Urge si/e, say exceeding 1} or 2 inches 
diameter In the one case, shown in fig 552, an ordinary wood 
screw t is first made, and at the bottom of the angulai tin tad, 
a nairow parallel gioove is cut in the lathe with a parting tool 
the screw is then turned down to the size of the hole to be 
tapped, leaving it as a plain cylinder with the square helical 
groove represented m the piece t 

The next process is to insert a pointed cutter e, in a diame 
tucal moitise and when the wooden tap is in use, it is guided 
by the block g which is boied to fit, and has two non plates 
p -which enter the groove The guide g is fixed to the woik w, 
which is to be tapped, the bai glides foiwaid in vntue of 

In cutting up the inside screw tool fig 4.04 m which the slope and the cm va 
ture of the teeth should he rtveiicd an internal screw cnttei has been tccom 
mended it is made like a screwed nut notched longitudinally on its inner sm f ice 
Another method is proposed the inside sciew tool is laid m a lateial groove m 
a cylindrical piece of non and the tool ind cyhndei are cat up with the die stocks as 
a common screw by which mode the inside sciew tool obviously becomes the exact 
counterpart of the hollow thiead of that particulir dimaotei boo I ethnological 
Bepositoiy 1821, vol vi p 292 dho uyht hand inside sciew tool is sometimes 
cut over a solid left hand hob , which is a moic simple way of reversing the angle 
T The contact of the ordinary tangent screw with the worm whctl resembles 
that of the tangent to the circle whence the name hut Hmdloy of Yotk made 
the sciew of his dividing cn 0 rae to touch 15 threads of the wheel peifcctly by 
giving the sciew a curved section derived from the edge of the wheel md small# st 
m the middle See Sineaton s Mzstdlancom Papas p 183 Iiof Willis m his 
Lhments of Mechanism 1841 p 163—5 expluned the mode of cutting such a 
tvngent screw but showed that its advmtagts aie moie appuent than real 
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the screw thread, and at each succeeding passage the cutter is 
advanced a small distance, until the woik is tapped of the full 
diametei , the hollow space between the guide g and the work 
w 9 allows the cutter to pass entirely thiough the lattei, the 
spice being wider than the cutter 

Anothei structure is shown m the Manuel du Tourneur A 
hollow non screw is made like fig 553, and a hole is dulled at 
the termination of the thiead the extreme end ot which is cham 
fered on the inner surface with a file, to make a keen angular 
edge of the shape of the thread, m its action the tool therefore 
somewhat assimilates to the plane, and the shavings escape 
through the center of the tube 



11ns appears to be much less serviceable than the conti rvanee 
fig 552, m winch the helical guidance is peifcct at the com 
mencement and continues so until the end notwithstanding the 
giadual formation of the thread which may be cut at several 
repetitions instead of m one single cut, or m two cuts when two 
teeth aie on opposite sides of the tube, fig 558 I lie airange 
ment of fig 552 may be considered as quite analogous to that 
of the screw cutter bar (fig 515 page 560,) whereas the hollow 
tap fig 553, is just the converse of the screw box described at 
the beginning of the following section 

SECT IV —ON CUTTING- LXTERNAL SCREWS, WITH SCREW DETS, ETC 
For the convenience of arrangement, this section will be com 
menced with the description of the msti ument winch is commonly 
employed foi mal mg long screws m the soit woods, namely, the 
sciew box, of which fig 551 is the section, fig 555 the plan of 
the pnnupil piece thiough the line a and fig 55b the cutter, 
shown the full size ior a two inch screw 
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The screw box consists of two pieces of wood, accurately 
attached by two steady pins and two sciews so as to admit of 
sepalation and exact replacement, the ends of the thicker 
piece aie fiequently formed into handles, by which the mstiu 
ment is woiked A perfoi ation is made through the two pieces 
of wood the hole in the thinnei piece is cjlindncal and 
exactly agrees with the external diametei of the sciew, or of 
the prepared cylinder, and the hole m the thicker piece is 
sciewed with the same tap that is to be used for the internal 
screws or nuts, and which is shown m three views m fig 557 
The cuttei or V, has a tlnn cutting edge sloped externally to 
the angle of the thiead usually about 00 degrees, and thinned 
internally by a notch made with a tuingulai file the cuttei is 
mind in the thicker piece of wood, and fastened by a hook foini 
sciew bolt and nut 

In placing the cutter, four different conditions require stnct 
attention Its angulai ndge should he as a tangent to the inn a 
cnele its edge should be shupened on the dotted line b , oi at 
an angle of about 100 clegiees with the back , its point should 
exactly mteisect the ridge of the tlncad m the box and it 
should lie piecisely at the lake 01 angle of the thiead, ioi winch 
puipose it is inlaid deeper at its blunt extiemity 


Figs 551 



The piece of wood for the screw is turned cylmdncal and a 
little pointed, it is then twisted into the sciew box, the cuttei 
makes a notch which catches upon the ndge of the wooden 
woim immediately behind the cuttei, and this canies the work 
ioiwud, exactly at the late of the thread The whole of the 
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matenal is lemovecl atone cut and the shavings make then 
escape at the apertuie 01 mouth m 

In cutting tlie smallest sciews, with this well contuved and 
effective instiument, the screw box is held m the left hand and 
the woik is screwed m with the right, or the box is applied 
whilst the woik remains upon the mandiel of the lathe When 
the tlnead is required to he continued close up to a shoulder, 
the screw is cut up as fai as the entile instrument will allow 
the screw box is then removed, m oidei that the loose piece 
may be taken oft fiom it, after which the sciew is completed 
without impediment 

Sciews of half an inch diameter and upwaids, aie generally 
fixed m the vice, whilst the screw box is handed lound just like 
the diestock For large sciews exceeding two 01 three inches 
diameter, two of the Y s or cutteis aie placed in the box, so as 
to divide the woik, theieby lessening the usk of breaking the 
delicxte edge of the cuttei, the exact position of which is a 
mattei of gieat nicety 1 lie sciew box has been occasionally 
used foi wooden screws of 4, 6, and 8 inches diameter, and 
upwaids and such laige screws have been also made by hand 
with the saw, chisel mallet and oidmary tools , but these laige 
sciews aie now almost entncly superseded by those of metal, 
which, foi most purposes, aie greatly supenoi m every loointof 
view 


In cutting the metal sciew, oi the bolt, the tools are lequired 
to be the convcise of the tap, as they must have internal instead 
of external thieads, but tlie radial notches are essential alikem 
each For small works, the internxl thieads are made of fixed 
sizes and in thin plates of steel, such are called screw plates 
for larger works, the internal threads are cut upon the edges of 
two or three detached pieces of steel, called dies, these aie fitted 
into grooves within diestocks and various other contilvanccs 
winch admit of the approach of the screwed dies, so that they 
may be applied to the decieasmg diametei of the screw, 
horn its commencement to the completion 

I he thickness of the sciew plate is m general from about 
two thuds to the full diametei of the screw, and mostly several 
holes aie made m the same plxtc, fiom two to six holes arc 
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intended for one thread and are accoidmgly distinguished into 
separate groups by little maiks as m fig 558 The seriating 
of the edges, is sometimes done by making two or three small 
holes and connecting them by the lateial cuts of a thin saw as 
m fig 559 The notches alone are sometimes made and when 
the holes are airanged as m fig 560 should the screw be broken 
short off by accident it may be cut m two with a thin saw and 
thus removed from the platf* 

In making small screws the wire is fixed m the hand vice, 
tapered off with a file, and genei illy filed to an obtuse point, 
then, aftei being moistened with oil, it is screwed into the one 
oi several holes in the screw plate which is held in the left 
hand At other times the work fixed in the lathe is turned or 
filed into foim and the plate is held m the right hand but the 
force then applied is less easily appreciated The haip makers 
and some others, attach a sciew plate with a single hole to the 
sliding cylinder of the popit head See page 504 



The sciew plate is sometimes used for common screws as large 
as from half to three quliters of an mchdiametei, such screws 
me fixed m the tail vice, and the screw plate is made hom about 
15 to 30 inches long, and with two handles, the holes are 
then made of different diameters, by means of a taper tap, so 
as to form the thread by two, three, oi more successive cuts, and 
the screw should be entered fiorn tlie laige side of the taper 
hole It is, however, very advisable to use the diestocks, m 
preference to the sciew plates for all screws exceeding about 
one sixteenth of an inch diameter, although the unvarying 
diameter of the sciew pi vte has the advantage of regulating the 
equal size of a number of screws, and as such is occasionally 
used to follow the diestocks, by way of a gage for si/e 

T he diestock, m common with other general tools, has received 
a great many modifications that it would be useless to trace m 
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greater detail, than so far as respects the varieties m common 
use or those which mtioduce any pecnliantj of action m the 
cutting edges A notion of the eaily contuvances for cutting 
metal screws will he gathered from the figures 561 to 564 which 
aie copied half size fiom Leupold’s Iheatrum Machmarum 
Generale 1724* For instance fig 561 is the sciew plate 
divided in two, and jointed togethei like a common rule the 
inner edges are cut with tlneads, the larger of which is 
judiciously placed near the joint that it may be more foicibly 
compressed there is a guide, a, a , to prevent the lateial dis 
placement of the edges, which would he fatal to the action 
Similar instruments are still used, but more generally for screws 
made m the turning lathe 



In one of these tools, the frame or stock is made exactly like 
a pair of flat pliers, but with loose dies cut for either one or two 
sizes of threads Plier diestocks are also made m the form of 
common nut crackers, or m fact, much like fig 561, if we consider 
it to have handles proceeding from a &, to extend the tool to 
about two or three times its length the guide a, a is retained, 
and removable dies are added, instead of the thieads being cut 
m the sides of the instrument Sciewmg tools are also made 
of one piece of steel, and to spring open, something like fig 134, 
page 232, Vol I, but shorter and stronger the threads are cut 
on the sides or ends of the bosses, which are flat externally, for 
the convenience of compiession m the tail vice 

In geneial, however, the two dies are closed togethei m a 
straight line, instead of the arc of a ciicle one pumitive 
method, fig 564, extiacted from the woik lefeired to has been 
thus remodelled, the dies aie inserted m lectangular taper 


ALoxon, Plunuer, and ofcliers describe snmlai tools, and also the sciew box 
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holes m the ends of two long levers, which latter are cornected 
by two cylinclnc-il pins, carefully fitted into holes made through 
the levers and the ends of the pins are sciewed and provided 
with nuts which serve moie effectually to compress the dies 
than the square rings represented m fig 561 

The diestockm its most geneial form lias a central ret tanguln 
aperture, vitlun which the dies are fitted so as to admit of 
compression by one central screw the kinds most m use being 
distinguished as the double chamfered diestocks figs 505 and 560, 



and the single clumfei ed diestock figs 508 and 5(>‘) the handles 
of winch are partly shown by dotted lines In the found, the 
npertuie is about as long as three of the dies, about one thud 
of the length of the chamfer is filed away at the one end, for the 
removal of tlie dies laterally, and one at a time In the single 
chamfeied chestock 509, which is preferable foi laigo tlneads, 
the aperture hut little exceeds the length of two dies and these 
are removed by first talcing off tlie side plate b a, which is either 
attached by its chamfered edges as a slide, oi else by foui scic ws, 
these when loosened, allow the plate to he slid endways, and it 
will be then disengaged, as the screws will leave the gioovcs at 
a, and the screw heads will pass through the holes at b 

Sometimes dies of the section of fig 567 iro ipphcd alter the 
manner of 500, and occasionally tlie rectangular apcituic of 
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fig 509 is made paiallel on its inner edges and without the side 
plate b a, the dies are then retained by steel plates either n\ eted 
or sciewed to the diestock, as lepiesented m fig 570, or else by 
two steel pins buned half way m the sides of the stock, and the 
remaining half m the die as shown m fig 571 These vamtions 
aie of little moment as are also those concerning the general 
foim of the stock, foi instance, whether or not the handles 
proceed m the dnections shown (the one handle s 9 being occa 
sionally a continuation of the pressure sciew), oi whether the 
handles are placed as m the dotted position t In small die 
stocks, a short stud oi handle is occasionally attached at light 
angles to the extiemity, that the diestock may be moved like a 
winch handle and sometimes graduations are made upon the 
pressure screw, to denote the extent to Inch the dies are closed 
Ihese and other differences are matteis compaiatively ummpor 
tant, as the accuiate fitting of the dies, and their exact forms, 
should receive the principal attention 
In general only two dies are used, the inner surface of each 
of which includes fiom the thud to nearly the half of a cncle, 
and a notch is made at the eential pait of each die, so that the 
pair of dies present four arcs, and eight senes of cutting points 
or edges four of which operate when the dies are moved m the 
one direction, and the other foui when the motion is leveised , 
that is when the cuives of the die and sciew aie alike 

Ihe formation of these parts has given use to much investiga 
tion and experiment, as the two pimcipal points aimed at require 
directly opposite cncumstances Foi instance, the ncwrowe? the 
edges of the dies, or the less of the circle they contain, the moie 
easily they penetiate, the more quickly they cut, and the less 
they compress the screw bysuiface friction or squeezing, which 
last tends to elongate the screw beyond its assigned length But 
on the other hand the broadei the edges of the dies, oi the more 
of the circle they contain, the more exactly do they retain the 
tiue helical form, and the general truth of the screw 

Ihe action of sciew cutting dies is rendered still moie difficult, 
because m geneial, one pan of dies, the cunatures and angles of 
which admit of no change , are employed m the pioduction of a 
screw, the dimensions of which dunng its giadual tiansit from 
the smooth cylmdei to the finished sciew, continually change 
lor instance, the thiead of a sciew ncccssanly possesses two 
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magnitudes, namely tlie top and bottom of the groove, and also 
two angles at these lespective diameters as lepiesentcd by the 
dotted lines in the diagrams figs 572, 574 and 5/ 6 (which aie 
di awn with straight instead of curved lines) The angles ai e ncai ly 
m the inverse pioportion of the diameters oi if the bottom wuc 
half the diametei of the top of the thiead the angle it the bottom 
would he nearly twice that at the top (Ihe mode of calculating 
the angles is subjoined to figs 014—617 page 657 ) 

The figures show the original t ips ,master taps oi cuttev^, fiom 
which the dies, figs 573 57o and 577, are lespectively made , 
and m each of the three diagiams, the dies a aie supposed to be 
m the act of commencing and the dies b m finishing, a screw of 
the same diameter throughout, as that in fig 572 


Figs 572 574 576 

Small Master Tap Medium Ma&tlr Tap Luigl Masti r Tai 

Same diameter ai So ew 0 le depth lai ger than So eio Two depths lai gei than St j cw 



Of course the circumstances become the more perplexing the 
greater the depth of the thread wliexeas in shallow thxcads the 
interference may be safely overlooked As the dies cannot have 
both diameters of the screw it becomes needful to adopt that 
curvature which is least open to objection If, as m fig o7S, the 
curved edges of the dies a and b have the same radii as the 
finished screw, m the commencement, or at a, the die will only 
touch at the corners and the cuived edges being almost ox quite 
out of contact theie will be scarcely any guidance from which to 
get the lead, or first dnection of the helix, and the dies will he 
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likely to cut false screws, or else parallel grooves 01 rings * In 
addition to tins, the cui ved edges present at the commencement 
a greater angle than that proper foi the top of the screw, hut at 
the completion of the screw or at b the die and sciew will he 
exact counteiparts, and will be theiefore perfectly suitalde to 
each other 

If, as m fig 577, the inner curvature of the dies a and b be 
the same as m the blank cylinder, a will exactly agree both in 
diameter and angle at the commencement of the screw, hut at 
the conclusion, or as at &, each will be too gieat, and the die and 
screw will be far from counterparts, and therefore ill adapted to 
each other 

The most proper way of solving the difficulty in dies made m 
two parts, is by having two pairs of dies, such as 577 and 573, 
and which is occasionally done m very deep threads, a mode that 
was first published by Mr Allan, see figs 535 and 536 page 582 
But it is more usual to pursue a medium course and to make 
the original tap or cutter fig 574 used in cutting the dies not 
of the same diameter as the bolt, as m figs 572 and 57 3, not to 
exceed the diameter of the bolt by twice the depth o t the thread 
as m figs 576 and 577 but with only one depth beyond the 
exact size, or half way between the extremes, as m figs 574 and 
575, m which latter it is seen the contact, although not quite 
perfect either at a or 5, is sufficiently near at each for general 
practice 

JLhe obvious effect of diffcient diameters between the die and 
screw must be a falsity of contact between the suifaces and 
angles of the dies, thus, m 573 the whole ot the cutting falls 
upon e the external angles, until the completion of the screw in 
b when the action is rather compressing than cutting In fig 
577, the first act is that of compressing, and all the work is soon 
thrown on t, the internal angles of the die, which become 


* Sometimes the dies cut a fine single thread screw of one half or one third 
the coarseness of that of the dies at other times a fine double or triple screw 
of the same rake or velocity as the dies and occasionally the dies cut concentric 
rings These accidental results are mainly to be attributed to the diestocks being 
closed upon the screw holt obliquely instead of at right angles the edges of the 
dies do not then approach m the required relationship and the two dies each cut 
a distinct thread instead of one thread m common In the act of placing the 
dies the Btock should be slightly wriggled or moved vertically to allow the 
dies to select their true position on the bolt to be cut 

R R 
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gradually more penetrative, "but eventually too much so, "being 
m all respects the levcrse of the former In the medium and 
most common example fig 575 the cut fills at fiist upon t le 
external angles e, it gradually dies aw 13 and it is dunng the 
brief transition of the cut from the external to the internal angles 
t, that is, when the screw is exactly half formed, that the com 
pressron principally occurs 

The compression or squeezing is apt to enlarge the diameter 
of the screw (literally by swaging up the metal,) and also to 
elongate it beyond its assigned length, and that unequally at 
different parts Sometimes the compression of the dies in ikes 
the seiewso muchcoarsei than its intended pitch, that the screw 
refuses to pass through a deep hole cut with the appiopuntt tup 
not only may the total increase in length be occasionally dctcctt d 
by a common mle but the diffeiences between twenty 01 
tlmty threads, measuied at vanous paits with fine pointed 
compasses, are often plainly visible 

Other and vastly superior modes for the formation of long 
screws, or those requiring any ver> exact number of threads 
111 each inch 01 foot of their length will be shoitly explained 
Yet notwithstanding the mteifeiences which deprive the chi 
stocks of the refined peifection of these othei methods, tliej axe 
a most invaluable and proper instrument foi their intended use , 
and the disagreement of curvatuie and angle is moic 01 less 
remedied m practice by reducing the cnculai pait of the clus 
111 various ways and also in some instances, by the paitial sc pa 
ration of the guiding fiom the cutting action 

The most usual form of dies is shown in fig 578 but if t\ oiy 
measure be taken at the mean as in fig 579 the tool posse ssc s 
a fan, average, seiviceable quality, that is, the dies should be 
cut over an oiigmal tap of medium dimensions name]), one 
depth larger than the screw such as fig 571, the cmved sin face 
should be halved, making the spaces and cmves as nearly equal 
as maybe, and the edges should be radial Fig 580, in ally 
transenbed from Leupold s figure, 5b&, has been also used, but 
it appeals as if too much of the curve were then removed 

Sometimes the one die is only used for guiding and the other 
only for cutting thus a , fig 581, is cut over two diflcicnt 
diameteis of master taps, which gives it an elliptical foim A 
laige mastei tip, fig 576, is first used foi cutting the pan of 
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dies, this leaves the large paits of the cuive in a the dies aie 
subsequently cut over a small mastei tap, 572 


Figs 578 579 580 581 582 
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In beginning the screw, the die a serves as abed with guiding 
edges these indent without cutting and also agree at the first 
stait with the full diameter of the bolt with the gradual reduc 
tion of the bolt it sinks down to the bottom of a which con 
tmually presents an angular ridge, neatly agreeing m diameter, 
and therefore m angle with the nascent screw Ihe mconveni 
ences of the dies fig 581 are that they require a large and a 
small master tap foi the formation of every different sized pair of 
dies, and which latter ai e rathei troublesome to rcpan The dies 
also present moie faction than most otheis, app uently from 
the screw becoming wedged within the angulai sides of the die a 
In fig 582 a construction achocated \)y Sir John Robison, 
the dies are fiist cut over a sm ill master tap, fig 573 the threads 
are then partially filed or turned out of b, to fit the blankcylmdei 
which therefoic lests at the commcnc ement upon blunt tuangu 
lai, curved suifaces, instead of upon keen edges, and as the 
sciewis cut up, its thread gradually descends into the poitions 
of the thread m b which are not obliterated About one thud 
of the thread is turned out from each side of the cutting die a y 
leaving only two or three threads m the center, as shown m tin 
last view, and the suiface of this die is left flat, that it may be 
ground up afresh when blunted and which is also done with 
other dies having plane surfaces * 

Mi Peter Ken and Mi William Jones have each proposed 
to assist the action of dres for large screws, by means ofcutteis, 
their pi ms will be sufficiently explained by the diagrams, figs 
583 and 584. Mi Ken applied this mode to large screws of 
square threads for gun carnages the dies were cut very shallow, 

* Silect Papers of the Society of Arts foi Scotland, vol l p 41 
R R 2 
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say one third of the full depth, and they were serrated on their 
inner faces to act like saws or files The dies were used to cut 
up the commencement of the thread, hut when it filled the shal 
low dies, their future office was not to cut but only to guide the 
ascent and descent of the stocks by the smooth surfaces of the 
dies rubbing upon the top of the square tin ead The remaining 
portion of the screw was afterwards ploughed out by a cutter 
like a turning tool, the cutter being inserted m a hole m the one 
die, and advanced by a set sciew, somewhat after the manner 
represented in the figures 583 and 584 * 

Mr Jones employed a similar method for angular thread screws, 
and the cutter was placed within a small frame fixed to the one 
die The screw bolt was commenced with the pair of dies which 
were closed by the set screw a 583, the cutter being then out of 
action When the cutter was set to work by its adjusting 
screw b, it was advanced a little beyond the face of the die, and 
not afterwards moved , but the advance of o, closed the dies upon 
the decreasing diameter of the screw, the cutter always contmu 
mg prominent and doing the principal share of the work t 


Figs 583 585 687 



Fig 585 is the plan, and 586 the side elevation, of an old 
although imperfect expedient for producing a left handed screw 
from a right handed tap It will be remembered the light and 
left hand screws only differ m the direction of the angle, the 
thread of the one coils to the right of the other to the left hand, 
and on comparing a corresponding tap and die, the inclinations 
of the external curve of the one, and the internal curve of the 


* Technical Repos vol vm pages 182 and 193 
f Trans Soc of Arts, 1829, vol xlvu, p 135 
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other, necessarily differ m like manner as to direction The 
mode employed therefore is to carry a right hand tap around, 
the sciew to be cut the temporaly screw cutter possesses the 
same interval or tlnead as before but the cutting angles of the 
tap, having the reverse direction of those of the die the screw 
becomes left handed 

The one die m 585 and 586 is merely a blank piece of brass 
or iron without any grooves the other is a brass die m which 
the tap is fixed as may be expected the thread produced is not 
very perfect, but m the absence of better means, this mode is 
available as the germ for the production of a set of left-hand 
taps and dies Figs 587 and 588 represent a different mode of 
originating a left handed screw proposed by Mr Walsh the 
tool is to be a small piece of a right handed screw which is 
hardened and mounted m a frame like an ordinary milling or 
nurhng tool and intended to act by pressure alone the diameter 
of the tool and cylinder should be alike * 

The sciew stock first patented by the Messrs Whitworth of 
Manchester, is represented m fig 589 three narrow dies were 
fitted m three equidistant radial grooves m the stock, the ends 
of the dies came m contact with an exterior ring, having on its 
inner edge three spiral curves, (equivalent to thiee inclined 
planes,) and on its outer surface a series of teeth into which 
worked a tangent screw so that on turning the ring by the 
screw the three dies were simultaneously and equally advanced 
towards the center 

These screw stocks were found to cut veiy rapidly, as every 
circumstance was favourable to that action For instance, on 
the punciple of the triangular bearing all the three dies were 
constantly at work, the original tap being slightly tapei, every 
thread m the length of the die was performing its part of the 
work, the same as m a taper tap every thread of which removes 
its shaving, or share of the material, and the dies weie narrow, 
with radial edges, which admit of being easily sharpened 
This diestock ha s been abandoned by the Messrs Whitworth 

See Tians Soc of Arts vol xlm p 127 , this scheme is referred to likewise 
m the foot note on page 581 of this volume 

Some methods of making the same taps and dies serve for cutting either right 
or left hand screws will be found in Trans Soc of Arts vol xh p 115 Manuel 
du fourneur vol l plate 23 and Mechanic s Magazine 1836 vol xxv p 376 
These contrivances appear however, to possess little oi no value 
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in favour of their sciew stock subsequently patented, which is 
representedm fig 590 The one die embraces about one third 
of the circle, the two otheis much less the latter are fitted into 
grooves which are not radial, but lead into a point situated near 
the circumfeience of the screw bolt the edges of the dies are 
slightly hooked or ground lespectively within the radius and 
they are simultaneously advanced by the double wedge and nut 
the dies are cut ovei a laige oiigmal, such as fig 576, that is, 
two depths larger than the sciew Ihe large die serves to line 
out or commence the screw and the two others act alternately 
the one whilst the stock descends down the bolt, the othei 
during its ascent 



The last screw stock that will be heie noticed is Mr Cr Bod 
mei s of Manchester, for which he also has obtained a patent 
It is seen that the one die embraces about one third the screw, 
the other is very narrow the peculiarity of this construction is 
that a circulai recess is first turned out of the sciew stock and a 
parallel groove is made into the same the one handle of the stock 
(which is shaded ) nearly fills this recess and receives the small 
die If the handle were fitted mathematically true it is cleai it 
would be immovable but the straight part of the handle is nar 
rower than the width of the groove when the stock is turned 
round, say m the direction from 2 to 1, the first process is to 
rotate the handle in the circle, and to bring it m hard contact 
with the side 1, this slightly rotates the die also, and the one 
corner becomes somewhat more prominent than the other When 
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the motion of the stock is revei sed the handle leaves the side 
1, of the gioove and strikes ag iinst the other side 2 and then 
the opposite angle of the die becomes the moie prominent and 
that without any thought or adjustment on the part of the 
woikman as the play of the handle mthe gioove 1, 2 is exactly 
proportioned to cause the requned angulai change m the die 
The cutting edges of the die act exactly like turning tools, 
and therefore they may very safely be bevelled or hooked as 
such as when they are not cutting, they aie removed a little 
way out of contact, and therefoie out of danger of being 
snipped off, or of being blunted by hard fnction 1 lie opposite 
die affords during the time an efficient guidance for the screw, 
and the broad die is advanced m the usuil manner, by the 
pressure sciew made in continuation of the second handle of 
the diestock , the dies are kept in their places by a side plate, 
which is fitted in a chamfered groove in the ordinaly manner 


Theieis less vaiiety of method m cutting external screws with 
the diestocks, than internal screws with taps, but it is desirable 
m both cases, to remove the rough suif ice the woik acquires 
in the foundiy oi forge, m older to economise the tools and 
the best works are eitliei boied oi turned cjlmdiically to the 
true diameteis corresponding with the screwing tools 

The bolt to be sciewed is mostly fixed m the tail vice vei 
tic ally but sometimes lioimontally, the dies aie made to ipply 
fairly, (see foot note page C01) and a little oil is applud pnoi 
to starting As a moie expeditious method suitable to small 
sciews, the work is caused to revolve in a lathe, whilst the 
die stock is held in the hand, and larger screws are sometimes 
marked or hned out whilst fixed m the vice, the principal part 
of the material is then removed with the chasing tool oi hand 
screw tool, fig 405, p 519, and the screw is concluded in the 
diestocks In cutting up large screw bolts, two individuals arc 
required to work the soiew stocks, and they walk round the 
standing vice or screwing clamp, which is fixed to a pedestal m 
the middle of the workshop 

For sciewing large numbeis of bolts, the engineer employs 
the bolt sere wing machine, which is a combination of the ordinary 
taps and dies, with a mandrel, driven by steam power In the 
machine invented by Mr Fox, the mandrel revolves, traverses, 
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and carries the bolt, whilst the dies are fixed opposite to the 
mandrel, or else the mandrel carries the tap, and the nut to be 
sciewed is grasped opposite to it In the machine invented by- 
Mr Roberts the mandiel does not traverse, it carries the bolt, 
and the dies are mounted on a slide, or else the mandrel carries 
the nut, and the tap is fixed on the slide The tap or die gives 
the tiaverse m every case, and the engine and strap supply the 
muscle, of course the means for changing the direction of 
motion and closing the dies, as m the hand process, are also 
essential * 

Mi Roberts* screwing table is a useful modification of the bolt 
machine, intended to be used for small bolts, and to be worked 
by hand The mandrel is replaced by a long spindle running, 
loosely m two bearings, the one end of the spindle teimmates 
m a small wheel with a winch handle, the other m a pair of jaws 
closed by a screw, in other respects like fig 85, p 201 vol I 
The jaws embrace the head of the bolt, which is presented 
opposite to dies that are fixed m a vertical frame or stock, and 
closed by a loaded lever to one fixed distance In tapping the 
nut, it is fixed m the place before occupied by the dies and the 
spindle then used, is bored up to receive the shank of the tap, 
which is fixed by a side screw This machine ensures the rect 
angular position of the several parts, and the power is applied 
by the direct rotation of a hand wheel 


It will be gathered from the foiegoing remarks, that the die 
stock is an instrument of most extensive use and it would 
indeed almost appear as if every available construction had been 
tued with a general tendency to foster the cutting and to 
expunge the surface faction or rubbing action by the excess 
of which lattei the labour of woik is greatly mcieased, and 
risk is incurred of stietching the thread 


* See Buchanan s Mill Work by Renme 1841 Plates 38 to 38 c 
In Wrights Patent Machine for making wood screws for joinery work the 
traverse of the mandrel is assisted by a screw guide of the same degree of coarse 
ness as the fixed dies and the blanks are advanced to the latter through the hollow 
mandrel, at the end of which they are retained by nippers, until the machine has 
screwed the former and supplies a new blank In a former machine the traversing 
mandrel and a fixed turning tool were used the thread is cut from base to point 
whilst the screw is suppoited in a back stay For other modifications see 
Lardner s Cyclopedia Manufactures in metal vol l pp 201—9 
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In the patent diestocks the cutting is so much facilitated 
that the labour is reduced perhaps to less than the hilf of 
thatrequned with the old fashioned and nearly semicncular dies, 
fig 578 , but when the guidance is too far sacrificed, the greedy 
action of the dies is a somce of mischief For instance the m 
strument, fig 589, with three dies moving simultaneously, has 
been superseded because of its risk of cutting lriegular or 
diunken screws for if fiom the dies being improperly placed, 
the thread does not exactly meet, or lead into itself m the first 
revolution of the dies, but finds its way m with a break m the 
curve, this break continues unto the end , as the thiee points of 
bearing so to speak, being narrow, they may pursue the irregular 
line, thus giving to the diestock a rolling oi “ wabbling 9 motion 
instead of a steady quiet descent This fault is also liable to occur 
in every diestock, m which there is any risk of the blank cjlmder 
not being placed truly axial, from the dies touching only by 
points or narrow edges, instead of against a fair propoition of 
the curve , but when the dies are moderately broad, there is 
more chance of the defect being afterwards corrected 

Subsequently to the introduction, by Messrs Whitworth, of 
their sciew stock, shown m fig 589, they invented a diestock 
with four dies the one side of each of which was ladial The 
dies acted two at a time just like turning tools, they were quite 
free from rubbing and weie simultaneously advanced by two 
wedges yoked together by a cross piece, and moved by one screw 
1 his ingenious plan was not however regularly adopted, on 
account of the deficiency of the guiding power, as the screw was 
suppoited between four series of points but it gave rise to the 
mode explained m fig 590, in which the broad guide is judi 
ciously introduced 

It is difficult, however, to decide fairly and impartially upon 
the respective merits of diestocks, many of which approach very 
neaily to one another, as whether the facility of cutting, or the 
truth of the screw or any othei point be made the standard of 
comparison, it is a judgment which must necessarily be given 
rather by opinion than by measure , and the conditions which aie 
aimed at in all sciew stocks, aiem strictness unattainable m anj 
owing to the vaiymg dimensions of the object to be pioduced 

Fiom many reasons, it appears needless to strain the applica 
tion of the diestock to the production of long screws, which 
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require either a very precise total length or a very piecise equa 
lity m their several parts The mam inconvenience results fiom 
unavoidably mixing the guiding and cutting m the same pait of 
the one mstiument, an mstiument which acts by pioducmg a 
senes of copies, of the few thieads in the dies, and which copies 
become collectively the long sciew This mode of pioceedmg 
is equally as impolitic as setting out a line of r )0 or 100 inches 
long with a little rule measunng only one or two inches 

Neither can it be desirable to cut long and consequently slendu 
screws, by an mstiument used as a double ended level, in the 
application of which the screw suppoited geneially at the one 
end m the vice is veiy liable to be bent, as any small distuibmg 
force at the end of the stock is multipled m the same piopoihon 
as the diffeience between the ladn of the woik and mstiument 
The liability to bend the sciew is leduced to the minimum, m 
Mr Allan’s simple apparatus, (p 582 ) tor cutting the screws 
for dividing engines and otliei supenor woiks but which mode 
is not adapted to ordinary screws the machines foi screwing 
holts entail also little risk of bending the screw 

On the whole it appeals questionable whether for short screws, 
which are the legitimate works of the diestock, some of the 
bettei forms of the two part dies are not as good as any, 
and on the other hand it appeals quite ceitam that for those 
screws m which particular accuracy is of real impoitance, that 
the screw cutting engine or turning lathe is beyond comparison 
more proper This valuable engine will be soon refened to and 
m it the distinct processes of guiding and of cutting are com 
pletely detached and each may independently receive the most 
favouiable conditions , wheieas m all the modifications of the 
sciew stock they are more or les intimately commingled, and 
are to a certain degree antagonists 

The screw cutting lathe has also the advantage that one good 
screw having been obtained as a guide its idative degree of 
perfection is directly imparted to the woik, and it may be em 
ployed for cutting very coarse or very fine screws, or m fact any 
of the vanous kinds referred to m the preliminary description * 


* Some remarks will be offeied m the last section, on the propoitions and 
forms of screws of a variety of kinds 
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SECT Y —ON SCREWS CUT BY HAND IN THE COMMON LATHI 

Great numbers of sciewsaie required m woil s of wood ivory 
and metal that cannot be cut with the taps and dies or the other 
apparatus hitherto considered This anses fiom the nature 
of the materials the weakness of tne forms of the objects, and 
the accidental proportions of the sciews many of which are com 
paratively of yery large diameter and mconsidenble length 
These and other circumstances, conspire to prevent the use of 
the diestocks for objects such as the screws of telescopes and 
other slender tubes, those on the edges of disks, lings, boxes, 
and veiy many similar works 

Sciews of this litter class aie frequentty cut in the lathe with 
the oidmary sciew tool and by dexterity of hand alone there 
is little to be said m explanation of the apparatus and tools, 
which then consist solely of the lathe with an ordinary mandiel 
incapable of traversing endways and the screw tools or the 
chasing tools figs 404 and 405, page 519 with the addition of 
the aim lest, the details of the manipulation will be found in 
the practical section 

ihe screw tool held at rest would make a series of rings 
because at the end of the first revolution of the object the points 
A B C of the tool would fill exactly into the sciatches ABC 
commenced respectively by them But if m its fust ievolution, 
the tool is shifted exactly the space between two of its teeth, at 
the end of the revolution, the point B of the tool, diopsinto the 
groove made by the point A, and so with all the others, and a 
true screw is formed, or a continuous helical line, which appears 
m steady lateral motion during the revolution of the screw m 
the lathe 

It is likely the tool will fail exactly to drop into the groove, 
but it the difference be inconsiderable, a tolerably good screw is 
neveitheless formed, as the tool being moved forward as equally 
as the hand will allow, corrects most of the error But if the 
difference be great, the tool finds its way into the groove with 
an abrupt bieak m the curve , and during the revolution of the 
screw as it pi ogresses it also appears to roll about sideways, 
instead of being quiescent, and is said by woikman to be 
“ drunk this enor is frequently beyond coirection 

It sometimes happens that the tool is moved too rapidly, and 
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that the point C diops into the groove commenced by A m this 
case the coarseness of the gioove is the same as that of the tool, 
but the inclination is double that intended and the screw has a 
double thread, or two distinct helices instead of one the tool 
may pass over three or four intervals and make a tieble or 
quadruple thread, but these are the results of design and skill, 
lather than of accident 

On the othei hand, from being moved too slowly the point B 
of the tool may fail to proceed so far as the gi oove made by A, 
but fall midway between A and B , m this case the screw has 
half the rise or inclination intended and the grooves are as fine 
again as the tool other accidental lesults may also occur which 
it is unnecessaiy to notice 

The assemblage of points m the screw tools proper for the 
hard woods, ivory and metals, lender the striking of screws in. 
these materials comparatively certain xnd excellent, that is as 
regards those individuals who devote sufficient pains to the acqui 
sition of the manipulation , but the soft woods require tools with 
veiykeen edges of 20 to 30 degrees, and for these materials the 
screw tool is made with only a single point as represented in figs 
377 and 378, page 516 With such a tool no skill will suffice 
to cut a good useful screw by hand alone, as the guiding and 
correctional power of the many points no longer exists , and m 
consequence those screws m soft wood which are cut m the lathe 
requne the guidance to be given mechanically in the manner 
explained m the following section * 

SECT VI-ON CUTTING SCREWS IN LATHES WITH TRAVERSING 

MANDRELS 

One of the oldest, most simple, and general apparatus for 
cutting short sciews m the lathe by means of a mechanical 
guidance, is the screw mandrel or traversing mandrel which 

* The twisted moulds for upholsterers fringes are frequently screwed by hand 
a thin gouge or a caipenters fluted hit of the width of the groove is ground very 
obliquely from the lower side so as to leave two long edges or fangs projecting and 
the tool is sharpened from within An oblique notch is made by hand at the end 
of the mould as a commencement and the tool wedging into the groove is guided 
along the rest at the same angle as the notch whilst the lathe revolves slowly 
and completes the twist at one cut To make the second groove parallel with 
the first the finger is placed beside the gouge and within the first twist and so 
on with the others The process is very pleasing from its rapidity and simplicity 
and is also sufficiently accurate for the end proposed 
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appears to have been known, almost as soon as the iron mandrel 
itself was mtioduced 

Fig 592 is copied fiom an old Fienck mandrel mounted m a 
wooden frame and with tin collais cast in two paits, the upper 
halves of the collars aie removed to show the cylindrical necks of 
the mandrel, upon the shaft of which are cut several short screws 
In ordinaly turning the retaining key k which is shown detached 
m the view k, pievents the mandrel from travelsmg, as its 
angular and cncular ridge enters the gioove in the mandrel, 
but although not represented, each thiead on the mandrel is 



piovided with a similar key, except that their eicular aics are 
screw form instead of angular In screw cutting, k is depressed 
to leave the mandrel at libertj the mandrel is advanced slightly 
forward, and one of the sciew keys is elevated by its wedge until 
it becomes engaged with its corresponding guide screw, and now 
as the mandrel revolves it also advances or retires m the exact 
path of the screw selected 

The modern screw mandrel lathe has a cast iron frame, and 
hardened steel collars which are not divided, the guide screws 
are fitted as rings to the extreme end of the hardened steel 
mandrel and they work in a plate of brass, which has six scollops, 
or semicircular screws upon its edge When this mandrel is 
used for plain turning, its traverse is prevented by a cap which 
extends over the portion of the mandrel protruding through the 
collars * __ 

* For further details of the construction of the old screw mandrel lathes the 
reader is referred to Moxon, Plumier, Leupold, &c The duiability of the modem 
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Ill cutting screws with either the old or modern sciew man 
drel, the work is chucked and the tool is applied exvctly m the 
manner of turning a plain object but the mandrel requires an 
alternating motion backwaids and forwuids somewhat shoit of 
the length of the guide sciew, this is effected by giving a 
swinging motion or partial revolution to the foot wheel Hie 
tool should retain its place with gre it steadiness and it is theie 
fore often fixed m the sliding rest, by which also it is then 
advanced to the axis of the woik with the pi ogress of the 
external screw, 01 by which it is also removed fiom the center 
m cutting an internal screw 

To cut a screw exceeding the length of tiaverse of the mandiel, 
the screw tool is first applied at the end of the woik, and when 
as muchhas been cut as thetiaveise will admit, the toolis shifted 
the space of a few threads to the left and a further portion is 
cut, and this change of the tool is repeated until the sciew 
attains the full length required When the tool is applied by 
hand, it readily assumes its true position m the threads when it 
is fixed m the slide rest its adjustment requires much care 

In sciewmg an object which is too long to be attached to the 
mandrel by the chuck alone, its opposite extremity is sometimes 
supported by the front center 01 popit head but the center 
point must then be piessed up by a spring, that it may yield to 
the advance of the mandrel this method will only serve foi veiy 
slight woiks as the pressure of the screw tool is apt to thrust 
the woik out of the center It is a much stronger and moie 
usual plan to make the extiemity 01 some moie convenient 
pait of the worl cjlmdncal, and to support that pait withm a 
stationaiy c}lmducal bearing, or collar plate , which retains the 
position of the woik notwithstanding its helicil motion and 
supplies the needful resistance against the tool * 


hardened steel collars when duly propoitioned and well fitted is most remarkable 
In illustration it may be mentioned that IloltzapflU and Co have been m the 
practice of making this class of lathe for 80 }ears and yet it is veiy rare for them 
to meet with a sciew mandrel lathe of then manufacture, in which the wear has 
been sufficient to require the renewal of the collais 

* In cutting the screws upon the ends pf glass smelling bottles and similar 
works incapable of being cut with steel tools the bottle is mounted on a traversing 
mandrel which is moved slowly by band and the cutting tool is a metal disk 
revolving rapidly on fixed centers and having an angular edge fed with emery 
and watoi m some rare cases a diamon 1 is used as the cutting tool 
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The amateur who experiences difficulty m cutting screws 
fljmg or with the common mandrel and hand tool unassistedly 
will find the screwmandrel an apparatus by far the most geneially 
convenient for those works m wood ivory, and metal turning to 
which the sciew box and the taps and dies aie inapplicable 
Toi the sciew mandiel lequires but a very small change of 
apparatus and whatever may be the diameter of the woik it 
ensuies perfect copies of the guide screws the half dozen 
varieties of which will be found to piesent abundant choice as 
to coarseness in lespect to the ordmaiy purposes of turning 

SECT VII—ON CUTTING SCREWS IN LATIIES WITH TRAVLRSING 

TOOLS 

A gieat number of the engines for cutting screws, and also of 
the other shaping and cutting engines now commonly used, are 
cleaily to be tiaced to a remote date, so far as then principles 
aie concerned 

Toi instance, the genns of many of these cutting machines 
m which the principles aie well developed, will be found in the 
primitive rose engine maclnneiy with coaise wooden frames, and 
arms sli ipei plates coids, pulleys, and weights descnbed in the 
eailiest works on the lathe and refeired to m pages 4 to 8 of 
Vol I whilst many otlieis are as distinctly but moie caiefully 
modelled m metal m the tools used in clock and watch making, 
many of which ha\ e also been published 

The principles of these machines being geneially few and 
simple admit of but little change, but the stiuctures, which aie 
most diveisified nay almost endless, have followed the degiees 
of excellence of the eonstiuetive arts at the periods at which 
they have been severally made, combined with the inventive 
talent of their projectors 

In most of the screw cutting machines a previously formed 
screw is employed to give the tiaverse, such are copying machines, 
and will form the subject of the present section , and a few 
other engines serve to ongmate sciews, by the dnect employ 
ment of an inclined plane, 01 the composition of a rectilinear 
and a cncular motion the notice of this kind of sciew niacin 
neiy will be deferred until the next section 

The eailiest screw lathe known to the author, bears the date 
of 1569, and this cuuous machine, which is represented in 
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fig 593, is thus descubed by its inventor IUbboh h Fnpue tie 
Tour en nulle part encore icue et qui n’nst nann mbtiht* , pom 
enqraver petit a petit la VisdVfutoiu iL toutt Inqun nmih < t 
solide , rowe mesmes ovak ft * 



The tool is traversed alongside the woik b> nu ans ol n guide 
screw, winch is moved simultaneously with the work to be 
operated upon, by an arrangement of pullers and (oids too 
obvious to iccpuio explanation It is howevu wot tin of 
remark, that bad and impel feet as the < oust native arrangement 
is this caily machine is capable of cutting screws of any pileh, 
by the use of pulleys of chfie lent clianu te is , and right and h ft 
hand seicws at pic asme by uossmg 01 un< mssing tin und, 
and also that in this fust nine him the nm ntoi win awau that 
a screw cutting lathe might be use d upon t Ihpfte il, c oim al, and 
other solids 

The next illu tuition, hg V)f,nptt a nts a nun him described 
as 4 A Lathe m which without tho common at Mill am Not nnewa 
and othei curved lines can he made 11 this was invented by 

* The figure m copioel half m/< from phU 9 of tit* mfeitlol * Ih* tmtm 
mfnts MathCmatupm H 4** fmtnito $mr Jttqnm Bmmm Pu«t 

T atm and French I (lit fed IMS fcoumd Bdit 1 jww, l f »?S &i® a I atm 1 lit 
I yons 1582 The earn© copper pUti* arc nmnl throughout 
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M Grandjean pnor to 1729 * The constructive details of tins 
machine, which aie also sufficiently apparent, aie in some 
respects superior to those m Besson’s, but the two are alike 
open to the imperfection due to the transmissions of motion by 
cords and Grandjean s is additionally imperfect, as the scheme 
repiesented will fail to produce an equable tiaverse of the 



mandiel compaied with its revolution, owing to the continual 
change m the angular relations between the arms of the bent 
lever, and the mandrel and cord respectively Sometimes the 
spiral boaid or templet $, is attached to the bent lever, to 
act upon the end of the mandiel, this also is insufficient to 
pioduce a tiue screw in the mannei proposed 

Seveial of the engines for cutting screws appear to be denved 
fiom those used for cutting fusees, or the short screws of hyper 
bolical section, upon which the chains of clocks and watches are 
wound, m order to counteiact the unequal strength of the 
different coils of the spiral springs The fusee engines, which 
are very numerous, have in general a guide screw from winch 
the traverse of the tool is derived, and the illustxation fig 595, 
selected from an old work published m 1741, is not only one ol 
the earliest hut also of the most exact of this land, and it 
exhibits likewise the primitive application of change wheels, foi 
producing sciews of varied coarseness from one ougmal 

* Communicated to the Academic Roy ale m 17°9 and punted in the 

Machines approuvSes tome v I7d5 As a matter of arrangement, this fig,mo 
belongs to Sect VI but as a specimen of cirly mechanism its piesont phoe 
seems more appropn ite 
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This instrument is nearly thus described by Thzout “ A lathe 
which carries at its extremity two toothed wheels the upper is 
attached to the arboi, the clamp at the end of which holds the 
axis of the fusee to be cut, the opposite extiemity is retained 
by the center, the fusee and arbor constitute one piece, and aie 
turned by the wmcli handle The lower wheel is put m movement 
by the upper and turns the screw which is fixed m its center 
the nut can tiaverse the entire length of the screw, and to the 
nut is strongly hinged the lever that holds the graver or cutter, 
and which is pressed up by the hand of the workman Several 
pairs of wheels are re<pnied and the smaller tire size of tint 
upon the mandrel, the less is the interval between the threads 
of the fusee * 



In the general construction of the fusee engine, the guide 
screw and the fusee are connected together on one axis, and aie 
moved by the same winch handle the degree of fineness of the 
thread on the fusee is then deteimined by the intervention of a 
lever geneially of the first older, a gieat variety of construe 
tions have been made on this pi maple + the mode of action will 
he more clearly seen m the next figuie, wherein piecisely the 
same movements are applied to the lathe for the puiposo of 
cutting ordinary screws 

The appaiatus now referred to is that invented by Mr Healey 


* Thzout s Twite d Hoilogfr le Mochamque ct Piatique, &c 4to, Paris 1711 
vol 1 page 69 plate 27 The name of the inventor is not given 

t three aie deseubed m Thiout s Treatise namely m plates 25 26 and 27 
the first by Tegnaud de Ohaalon Othei examples will he found in Rees s Cycle 
pedia Article Fu ee Plates Horology 36 and 37 
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of Dublin an amateur * it is umveisal, or capable within 
certain limits of cutting ill kinds of scitws either light or left 
handed and is represented in plan m fig 996 m which C is the 
chuck which canics the woik to be screwed, and t is the tool 
which lies upon r r' the lathe lest, that is placed at right angles 
to the beaier, and is always free to move m its socket s, as on a 
centei, because the binding screw is either loosened 01 lemoved 
On the outside of the chuck G is cut a coarse guide screw, 
which we will suppose to be right handed The nut which 
fits the sciew of the chuck, is extended into a long aim, and 
the latter communicates with the lathe lest by the connecting 
iod c c As the lathe revolves backwards and forwards the 
aim n (which is retained horizontally by a guide pm y), 
travelses to and fio as regards 
the chuck and woik, and causes 
the lathe rest r r to oscillate m 
its socket s The distance s t 
being half s i a light hand sciew 
of half the coarseness of the guide 
will be cut, or the tool being 
neaiei to and on the othei side 
of, the center s as m the dotted 
position t\ a finei and left band 
screw will be cut 

The i od c c may be attached m 
differently to any part of n n , but 
the smallest change of the re 
lation of s t to s i', would mar 
the conespondence of screws cut at different penods, and there 
for t and r should be united by a swivel joint capable of being 
fixed at any pait of the lathe lest r i , which is omitted m Mr 
Healey s perspective drawing of the apparatus 

This is one of the least peifect of the modes of oiigmating 
sciews, it should theiefoxe he only applied to such as aie veiy 
shoit, as owing to the vanation m the angular lelition of the 
paits the motion given to the tool is not stuctly const mt oi 
equable , when m the midway position, the seveial paits should 
lie exactly at right angles to each othei, m oidei, as fu as 
possible, to avoid the enor The inequality of the sciew is 
iiiBt dcsenbul m Tillocli *3 IhilosoplnGal Mi 0 foi 1804 Vol xix pp 172—175 

s s 2 
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imperceptible m the short fusee, and it would be there harmless 
even if more consideiable, but a perfect equality of coarseness 
or of angle, is impelative in longer sciews, and those to be fitted 
one to the other a condition uncalled for in the fusee, which 
has only to cairy a chain 

The apparatus invented by the late Mr S Yarley and repic 
sented in plan in figs 507 and 598, although it does not present 
the umveisality of the last, is quite correct m its action and far 
moie available , it is evidently a combination of the fixed man 
drel, and the old sciew mandiel, fig 592, p 613 I our deficient 
threads are cut on the tube which suriounds the mandiel, and 
the connection between the guide screw and the work, is by 
the long bar b 5, which camcs at the one end a piece q filed 
to conespond with the thread, and at the otliei, a so<ket m 
which is fixed a sciew tool t 9 coircsponding with the guide at 
the time employed 



The lathe revolves with continuous motion, and the long bir 
or rod being held by the two hands m the position shown, the 
guide g, and the tool £, are traversed simultaneously to the left 
by the screw guide , and when the tool meets the shoulder of 
the woik, both hands aie suddenly withdrawn, and the bar is 
shifted to the light foi a repetition of the cut and so on until 
the completion of the screw The guide g , is supported upon 
the horizontal plate jp, which is parallel with the mandrel, and 
the tool t , lies upon the lathe rest i 

Beneath the tool is a sciew which mbs against the lathe rest 7 , 
and serves as a stop, this makes the sciew cylmdncal or conical, 
according as the lest is placed parallel or oblique Tor the 
internal sciew, the tool is placed parallel with the bar, as in 
fig 598, and the check sciew is applied on the side towards the 
center, against a shoit bar, paiallel with the axis of the lathe 
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As in the screw mandiel lathes, the screws become exact 
copies of the screw guides and to a certain extent the mechanism 
fulfils the office of the slide rest but at the same time, more 
trouble is required for the adjustment of the apparatus la 
gener il the guide rod must be supposed to act somewhat as an 
mcumbiance to the fiee use of the tool, which is applied m a 
less favouiable manner when the screw is small compared with 
the exterior diameter of the woik, as it must then project con¬ 
siderably from the bar so that on the whole the traversing 
mandrel is a far more available and convenient arrangement * 

None of the machines which have been hitherto descnbed are 
proper for cutting the accurate screws, of consideiable length or 
of great diameter, required m the ordinary works of the en¬ 
gineer , but these are admirably produced by the screw cutting 
lathes, m which the tiaverse of the tool is effected by a long 
guide screw, connected with the mandrel that carries the woik 
by a system of change wheels, after the manner employed a 
ccntuiy brck, as m fig 595 The accuracy of the result now 
depends almost entuely upon the perfection of the guide screw, 
and which we will suppose to possess very exactly 2 4, 5 6, or 
some whole numbei of threads in every inch although we shall 
foi the piesentpass by the methods employed m pioducmg the 
ongmal guide screw which thus selves for the reproduction of 
those made tlnough its agency 

I he smallci and most simple application of the system of 
change wheels for pioducmg sciews, is shown m fig 599 The 
woik is attached to the mandrel of the lathe by means of a 
chuck to winch is also affixed a toothed wheel marked M, 
thuefore the mandiel, the wheel, and the work partake of one 
motion m common the tool is earned by the slide rest, the 
principal slide of which is placed parallel with the axis of the 
lathe as m turning a cylinder, and upon the end of the sciew 
near the mandrel, is attached a tooth wheel S, which is made 
to engage in M the wheel earned by the mandrel 

As the wheels are supposed to contain the same number o£ 
teeth they will revolve m equal times or make continually turn 
foi turn, md therefore m each revolution ot the mandiel and 

* The details of this apparatus will be found m the description of the same 
by Mr Cornelius Vailey, the nephew of the ipveatoi m the Tians Sac of Arts 
vol xlm , p 90 1825 
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work, the tool will be shifted m a right line a quantity equal to 
one thread of the guide screw and so with eveiy coil throughout 
its extent of motion Consequent!} the motion of the two axes 
being always equal and continuous the screw upon the woik 
will become an exact copy of the guide sciew contained in the 
slide iest, that is, as legaids the mteival between its sevei il 
thieads its total length, and its geneial peifection 



But the airows in M and S, denote that adjoining wheels 
always travel m opposite directions , when theiefoie the mandrel 
and slide rest aie connected by only one pair of wheels as m 
fig 599 the dnection of the copy sciew is the levcise of that of 
the guide The right hand screw being far moie genei illy 
requned m mechanism when the combination is limited to its 
most simple form, of two wheels only, it is requisite to make 
the slide rest screw left handed, m older that the one pan of 
wheels may pioduce light hand threads 

But a light hand slide iest screw m xy be employed to pioduce 
at pleasuie both right and left hand copies by the mtioduction 
of either one or two wheels, between the extend wheels M 
and S fig 599 Thus one intermediate axis, to be called I, 
would pioduce a right hand thieicl two mtoimediate axes, I I, 
would pioduce a left hand tlnead and so on alternately and 
this mode m addition allows the wheels M and & to be placed 
at my distance asunder that circumstances may require 

In making double tlnead sciews the one tine ad is fust cut, 
the wheels are then removed out of contact and the mandrel 
is moved ex ictly half a tuinbefoie then replacement, the second 
tlnead is then made In tieble threads the mandrel is twice 
cliscn 0 igcd, and moved one thud of a turn each time, and so on 
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When intermediate wheels are employed, it becomes necessary 
to build up fiom the beaiers some descuption of pedestal, or from, 
the lathe head some kind of bracket, which may serve to carry 
the axes or sockets upon which the intermediate wheels revolve 
lhese parts h ive leceived a gieat variety of modifications, three 
of which aie intioduced in the diagrams 600 to 602 , the wheels 
supposed to be upon the mandrel are situated on the dotted 
line M M, and those upon the slide rest on the line S S 

Figs 600 601 602 




1 he rectangulai bracket m fig 600, has two straight moitises ; 
by the one it is bolted to the beareis of the lathe and by the 
other it cairies a pan of wheels, whose pivots are m a short 
piece, which may be fixed at any height oi angle m the mortise, 
so tint one or both wheels I I, may be used accoidmg to cir¬ 
cumstances In fig 002, the intermediate wheel, or wheels, are 
earned by a radial aim which cnculates around the mandrel, 
and is fixed to the lathe head by a bolt passed through the 
cnculai moitise In fig 602 a similai ladial aim is adjustable 
aiouud the axis of the slide rest smew, in the fixed bracket 

Sometimes the wheel supposed to be attached to the slide- 
rest, is carried by the pedestal or arm, fixed to the bed or 
headstock of the lathe, m order that a shaft or spindle may 
pioceed fiom the wheel S, and be coupled to the end of the 
slide lest sciew, by a hollow square or other form of socket so 
as to enable the rest to be placed at any pait of the length of 
the beaier and pern it a sciew to be cut upon the end of a 
long lod * __—_ 

* The shaft sometimes teiinmates at eaoh end in universal joints in order -to 
accommodate any tufting wmt o£ parallelism m the paits if however the cen¬ 
tral shaft he placed unequ illy oblique the motion transmitted ceases to be uniform 
or it is accolorated and i etai ded m every revolution which is fatal in screw cutting 




624 TBAYEPSING SLIDE BEST AND CHANGE WHEELS 

This change m the position of the slide rest is also needful m 
cutting a screw which exceeds the length the rest can traverse, 
as such long screws may then be made at two 01 more distinct ope 
rations, before commencing the second trip the tool is adjusted 
to drop very accuiately into the teimmation of that portion of 
the screw cut in the hist trip, which requires very great care, in 
older that no falsity of measurement may be discernible at the 
paits where the separate courses of the tool have met This 
method of proceeding, has however from necessity, been followed 
m producing some of the earliest of the long legulatmg screws, 
•which have served for the production of others by a method 
much less liable to accident, namely, when the cut is made 
uninterruptedly throughout the extent of the work 

In the larger application of the system of change wheels the 
entire bed of the lathe is converted into a long slide lest the 
tool carriage, with its subsidiary slides for adjusting the position 
of the tool, then traveises directly upon the bed , this mode has 
given rise to the name “ traversing or slide lathe , 9 a machine 
which has received and continues to receive a vanety of forms 
in the hands of diffeient engineers It would be tedious and 
unnecessary to attempt the notice of their different construe 
tions, which necessarily much resemble each other, moie 
especially as the principles and motives, which induce the 
seveial constructions and piactices, latliei than the precise 
details of apparatus, aie heie under consideration 

The arrangement for the change wheels of a sciew cutting 
lathe given m fig 603, resembles the mode frequently adopted 
The guide screw extends through the 
middle of the bed and projects at the 
end there is a clasp nut, so that when 
requned, the slide lest may be detached 
from the screw and moved independently 
of the same Ihe tram of wheels is placed 
at the lelt extremity of the lathe, there 
is a r idial arm which circulates aiound the 
end of the mam screw, the aim has one 
or two straight mortises, m which are 
fixed the axes of the mteimediate wheels, 
and there me two cnoulai mortises, by 


Pig 603 
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which, the arm may be secuied to the lathe bed, in any requiled 
position by its two binding screws 

On comparing the lelative facilities for cutting screws, either 
with the slide lest furnished with a train of wheels or with the 
traversing or screw cutting lathe, the advantage will be found 
greatly m favour of the latter for instance 

With the slide-iest airangement fig 599, the work must be 
always fixed in a chuck to which the first of the change wheels 
can be also attached, the wheels frequently prevent the most 
favourable position of the slides from being adopted and m 
cutting hollow screws the change wheels entirely prevent the 
tool carnage of the slide-rest from being placed opposite to the 
center, and therefore awkward tools, bent to the rectangular 
form, must be then used The slide rest also requires fiequent 
attention to its parallelism with the axis of the lathe, or the 
screws cut will be conical instead of cylindrical 

With the travel sing lathe, from the wheels being at the back 
of the mandiel, no interference can possibly anse from them, 
and consequently the work may be chucked indiscriminately on 
any of the chucks of the 1 ithe , every position may be given to 
the slide cariynig the tool and therefoie the most favourable, 
or that nearest to the work, may be ahvaj s selected, and the 
tools newd not be cioolced As the tool cainage travel ses at 
once on the bearers of the lathe the adjustment for paiallelism 
is always true and the length of travel se is greatly extended 

The system of screw cutting just expllined is very geneial 
and practical for instance one long and peifect guide screw 
(which we will call the guide) containing 2, 4, 6, 8, 10, oi any 
precise number of threads per inch having been obtained, it 
becomes veiy easy to make from it subsequent screws (or copies), 
which shall be respectively coarser and finer m any determined 
clegiee The principle is, that whilst the copy makes one levo 
lution, the guide must make so much of one levolution, oi so 
many, as shall tiaverse the tool the space required between each 
tlnead of the copy and this is accomplished by selecting change 
wheels in the proportions of these quantities of motion, or, m 
other words, in the proportion lequned to exist between the 
guide screw and the copy 

In explanation, we will suppose the guide to have 6 threads 
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per inch, and that copies of 18 14, 12] 8, 3, 2, 1 threads per 
inch, are required the two wheels must be lespectively in the 
proportions of the fi actions T % it fi 4 t t S ul( ^ e 

being constantly the numerator The numeratoi also lepiesents 
the wheel on the mandrel, and the denomimtoi that on the 
guide screw any multiples of these fiactions may be selected 
foi the change wheels to be employed 

Foi example, any multiples of tV as 4t> f 4 , will 
produce a screw of 18 threads per inch the hist and finest of 
the group, and any multiples of 4- as -f- tVj will pioduce 
a sciew of 1 thread per inch, which is the last and coaisest of 
those given 

Sciew s 2, 4 or 6 times as fine will result from interposing a 
second pan of wheels, lespectively multiples of ■%, f, and 
placed upon one axis 

Foi instance the pair of wheels used foi producing a 
sciew of 18 threads per inch, would, by the combination A, 
pioduce a copy tlnee times as fine, 01 a sciew of 51 tlneadsper 
inch * 


Combination A 
M Interm S 

24-60 

20-72 


Combination B 
M Interm S 

120-24 

72-20 


Combination C 
M Intel m 

27-53 

39- 


S 

107 


And the wheels VV°> used for the screw of one thread per 
inch, would by the combination B, produce a copy tlnee times 
as coarse , or of thiee inches rise 'Whatsoever the value of the 
intermediate wheels, whether multiples of •%, 4? J , they 
pioduce screws, lespectively of | the pitches of those 

sciews which would be otheiwise obtained by the two exterior 
wheels alone and m this mannei a gieat vanety of screws, 
extending over a wide lange of pitch, may be obtuned fiom a 
limited number of wheels 

For instance the appaiatus HoltzapfLl A Co have recently 
added to the slide rest after the mannei of figs 590 and 601, has 
a series of about fifteen wheels, of fiom 15 to 114 teeth, employed 
with a screw of 10 threads pei inch , seveial hundred varieties 
of screws may he produced by this appaiatus the finest of which 
has 320 threads per inch, the coaisest measures inches 111 


* Fig 601 represents the wheels lefeired to m combination A and hg GO2, 
ihooe m combination B 
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each coil 01 rise and the screws may be made right or left 
handed, double tuple, quadruple, 01 of any number of thieads 
The finest combinations are onlj useful for self acting turning, 
those of medium coarseness seive foi all the ordinary purposes 
of sciews, whilst the very coarse pitches ire much employed m 
ornament il woihs of the chaiacter of the Elizabethan twist 
and m cutting these conse screws the motion is given to the 
slide lest screw and by it communicated to the mandiel 

The value of any combination of wheels may be calculated as 
vulgar fiactions by multiplying togetbei all the duving wheels 
as numei atois, and all the duven wheels as denominator, 
adding also the fractional value, or pitch, of the guide screw, 
thus m the fiist example A 

24 x 20 x 1 = 480 1 

_ _ _ - or reduced to its lowest terms — 

60 x 72 x 6 = 2o920 5i 

The fraction denotes that T V of an inch is the pitch of the 
screw oi the inteival iiom thread to thread, also that it has 54 
tlneads m each inch, and w1ijlc1\is called the late of the sciew 
And m C the numbeis m which example were selected at 
random the sciew would be found to possess rather moie than 
32 thieads per inch * 

27 x 39 x 1 « 1053 1 

- - --or i educed to its lowest terms- 

S3 x 107 x 6 = 34026 S’ s 

In mutation of the method of change wheels, the slide rest 
sciew is sometimes moved by an arrangement of catgut bands, 
lescmbluig that represented m Besson’s sciew lathe, page GIG 
One band pioeeeds from the pulley on the mandiel to a spindle 
oveiliead having two pulleys, and a second coi d descends from 
this spindle to a pullej on the slide rest I I he method offeis 

* The fractions should be reduced to their lowest terms before calculation to 
avoid the necessity for multiplying such high numbers Thus the first example 
would become leduced to & x $ x £ = and would be multiplied by inspection 

done as the numeratoi s and denominators may be taken crossways if more con 
moment thus is equal to i and ,j) is also equal to J fi actions which are smiller 
tlnn md the lowest turns respectively of 0 and the second case could not 
be thus treated and the whole numbers must thei e be multiplied as they will not 
idmit of i eduction Other details will be advanced and tables of the combinations 
of the eh mge wheels will be also given in treating of the piactice of cutting sciews 
f Ibis appuatus has been applied to cutting the expanding liom smkos See 
Manuel clw Jtou/incw lust edit 179b vol n plate 21 and second odit 1816 
vol ii plate 10 see also pigo 124-5 oi the hist volume of this woik 
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facility m cutting screws of vaiious pitches by changing the 
pulleys, and also either right or left hand sciews, by ciossmg or 
uncrossing one of the bands 

The plan is unexceptionable, when applied for travel sing the 
tool slowly for the purpose of turning smooth cylinders 01 sui 
faces (which is vntually cutting a sciew 01 spual of about 100 
coils m the inch) and m the absence of better means, pulleys 
and bands aie sometimes used m matching sciews of unknown 
or nregulai pitches, by the tedious method of repeated trials, 
as on slightly reducing with the turning tool, the diameter of 
either of the dnvmg pulleys, the screw or the work becomes 
gi adually finer and reducing either of the dr iven pulleys makes 
it coa<i ser but the mode is scarcely trustwoithy, and is decidedly 
fai mfenor to its descendant, or the method of change wheels 


The screw tools, or chasing tools, employed in the traversing 
Ixtlies foi cutting external and internal screws lesemblc the 
fixed tools generally except as legaids their cutting edges, the 
following figuies 604 to 606 refer to angular threads, and 607 
and 608 to square thieads 

Angular sciews aie sometimes cut with the single point fig 
604, a form which is easily and coirectly made , the general 
angle of the point is about 55° to 60°, and when it is only 
allowed to cut on one of its sides or bevils, it may be used fear 
lessly as the shavings easily cuil out of the way and escape 
But when both sides of the single point tool aie allowed to cut 
it requnes very much moie ciutious management, as m the 
lattei case, the duplex shaungs being disposed to ciul over 
opposite ways they pucker up is an angular film, and m fine 
thieads they aie liable to break the point of the tool, oi to cause 
it to dig into and tear the woik Sometimes also, a fragment 
of the sh wing is wedged so foicibly into the sciew by the end 
of the tool, that it can only be extricated by a sharp chisel and 
hammer 

In cutting angulai screws, it is very much more usual and 
expeditious to employ screw tools with many points, which axe 
made m the lathe by means of a i evolving cutter or hob, figs 
550 and 551 page 591 Screw tools with many points, aie 
always requued for those angulir thieads which aie lounded 
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at the top and bottom, and which are thence called rounded or 
round threads * 

Mr Clement gives to the screw tool for rounded threads the 
profile of fig 605, which construction allows the tool to be 
invented so that the edges may be alternately used foi the pui 
pose of equalizing the section of the thiead In making the tool 
605, the hob (which is dotted) is put between centeis m the 
traveismg lathe, and those wheels are applied which would sene 
to cut a screw of the same pitch as the hob the bar of steel is 
then fixed m the slide rest, so that the dotted line or the axis of 
the tool intersects the center of the hob Ihe tool is aftei waids 
hollowed on both sides with tne file, to facilitate the shaipenmg, 
and it is then hardened In using the tool, it is depressed 
until either edge comes down to the radius proceeding from 
the (black) circle which is supposed to represent the screw to 
be cut, the depression gives the required penetration to the 
upper angle, and removes the lower out of contact t 

Mi Bodmers patent chasing tool is represented m fig 606 
the cuttei, c, is made as a ring of steel which is screwed internally 
to the diameter of the bolt and turned externally with an 
xmdeicut groove, for the small sciew and nut by which it is held 
m an iron stock, s, formed of a corresponding sweep, for dis 
tmctness the cuttei and screw arc also shown detached The 
center of curvature of the tool is placed a little below the center 
of the lathe, to give the angle of separation or penetiation, 
and after the tool has been ground away in the act of being 
sharpened, it is raised up, until its points touch a straight edge 
applied on the line a a of the stock, this denotes the proper 
height of center, and also the angle to winch the tool is 
intended to be hooked, namely 10 degiees each ring makes 

* Mr Clement considers tbe many points to act with less risk than the single 
point because m the piocesses of hardening fiist the hob and then the screw tool 
they both become slightly enlarged or a little coarser than the pitch of the 
screw consequently part of the teeth cut on one side and part on the other 
but none of them on both sides of the points which latter action gives rise to 
confusion by mtciruptmg the free escape of the shavings 

t In mal mg a hob with lounded threads it is usual to prove whether the top 
and bottom of the tine id are equally rounded by driving two different pieces 
of lead into the hob with a hammor the two impressions will only fit together 
so as to exclude the light when the depaiture fiom the simple angle is alike 
at the top and bottom of the hob and that the thread is perpendicular or does 
not lean M ister t ips arc similarly pioved 
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four or five cutters, and one stoelc may be used foi s< v( ltd 
diameteis of tlneads 

Angular thread sciews are fitted to then cone spending nuts 
simply by reduction m diameter, but septan tin< ad sciews 
require attention both as to diame t< i and width of gnn>u, and 
aie consequently moic tioubhsonic Bepiau thnad scn ws an, 
m general, of twice the pitch, 01 double the oblupufv <>i angul u 
sciews of the same diameteis, and, e onseepu nt 1> tlm into 
ference of angle hcfoic explained as cone lining the du stocks 
lefeis with a twofold effect to scpiaie thn ids, which an m all 
respects much bcttei. produced m tlu se n w < idling 1 it he 

The oidmaiytool foi scpiaie tlncad sciews is n pic suite d 
m three views m fig 007 tlie shaft is shutthh n d down so an to 
teimmate m a reetanguhu pait winch is e\actl> («pial to the 
width of the gioovo , m gcneial tlu end done of the tend in 
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Stun loohfm Sqmnt Ihtetuh 

I i^rt 607 



required to cut, and the sides an lauded nec ending to the 
angled the screw, to avoid nibbing iigunst tlu hide h of tin 
thread Tools which cut upon the Hide alone, an nhoomi 
sionally used for adjusting the width ot tin gioove fn e it he i 
case it requues considerable eaie to maintain tlu exact width 
and liuglit of the tool, Iho animat uni of which should also 
diflci for cvciy change of dxumctu 



THE AUTHORS CUTTER BAR BOR SOUARE THPEADS 6 31 

To obviate these sevei il inconveniences the authoi seveial 
years back contrived a tool holder, fig 608, foi canymg small 
blades made exactly lectangular In height, as at h , theblades aie 
alike, in width, tv, they are exactly half the pitch of the threads 
and they are ground upon the ends alone The parallel blades 
are clamped m the rectangular apeiture of the tool socket by the 
four sciews c c and when the screws s s, which pass through 
the circular mortises m the sockets, are loosened, the swivel joint 
and graduations allow the blades to be placed at the particular 
angle of the thread, which is leadily obtained by calculation* 
and is estimated for the medium depth of the thread 01 midway 
between the extreme angles at the top and bottom * 

One blade, therefore, serves perfectly for all screws of the 
same pitch both right and left handed, and of all diameters, as 
the tool exactly fills the groove, it works steadily, and the width 
of the groove and the height of center of the tool are also 
strictly maintained with the least possible tiouble The depth 
of the groove, which is generally one sixth more than its width, 
is read off with gieat facility by means of the adjusting screw of 
the slide rest, especially if, as usual the sciew and its micrometer 
agree with the decimal division oi the inch 

The holder, fig 608 has been much and satisfactorily used for 
screws fiom about SO to 2 threads pei inch, but when the screw 
is coarse and oblique compaied with its diameter the blade is 
ground away to the dotted line in h , and is sometimes bevilled 
on the sides almost to the upper edge, to suit the obliquity of 
the thread, but without altering the extieme width of the tool 
The tools for external screws of very coarse pitch, are neces 
sanly foimed m the lathe by aid of the corresponding wheels 
and a revolving cutter bai resembling fig 515, p 569 The soft 
tool is fixed m the slide rest, and is thereby carried against the 
revolving cutter bar, 515, which has a straight tool, eithei pointed 
or squaie as the case may be The end of the screw tool is thus 
shaped as pait of an internal screw the counterpart of that to 
be cut, the free of the screw tool is filed at right angles to the 
obliquity of the thread, and the end and sides aie slightly bevilled 
for penetration, pieviously to its being hardened 

Intel nil squaie threads of small size, are usually cut with 


For the mode of calculating the angles of sciews see foot note p 657 
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taps which resemble fig 548 p 587, except m the form of the 
teeth When internal square thieads are cut m the lathe, the 
tool assumes the ordinary foim of a stiaight bar of steel, with a 
rectangular point standing off at right angles, m most respects 
like the common pointed tool for inside woik 

For veiy deep holes and for threads of very considerable 
obliquity cutter bais, such as fig 515 p 569, aie used I he 
work and tne temporary bearings of the bar, are all munoveably 
fixed for the time, and the bar advances thiough the beaungs 
m virtue of its screw thread, or otherwise a plain bar, having a 
cutter only, and not being screwed may be mounted between 
centers m the screw lathe, and the work, fixed to the slide lest, 
may travel se parallel with the bai by aid of the change wheels 
The cutter bar m some cases requnes a ring to fill out the space 
between itself and the hole, to prevent vibration, and it is litccs 
sary to mciease the laclial distance of the cuttei between each 
trip, by a set screw, or by slight blows of a hammer 

Yery oblique inside cutters are turned to their respective 
forms with a fixed tool in a manner the converse of that 
explained above and some peculiarities of management aie 
lequirecl m using them, m order to obtain the undo. cut fonn 
of the internal thread,—but the consideration of which does not 
belong to this place 

In cutting screws m the turning lathe the tool only cuts 
as it traverses m the one direction, therefore whilst the cuttei 
is mo\ed backwards, or m the reverse direction, fox the sue 
ceedmg cut, it must he withdrawn from the work Sometimes 
the tool is traveised backwards by leveismg the motion of the 
lathe, and m lathes driven by power, the back motioms frequently 
moie lapid than the cutting motion, to expedite the pioeess at 
other times the lathe is brought to lest the nut is opened as a 
hinge, so as to become disengaged fiom the screw, and the 
slide lest is tiaveised backwards by hand, or by a pinion move 
ment, and the nut is again closed on the screw, pnor to tin 
succeeding cut This mode answers perfectly for sciews of the 
same thread as the guide, and for those of 2, 4, 6, 8 times as 
coarse or as fine but foi those of 2J, 4^, or any fractional turn b 
the value of the guide sciew, the clasp nut cannot in geneial 
be emplo} ed advantageously 
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The progressive advance of the tool between each cut is corn 
monly regulated by a cncle of divisions 01 a miciometer on the 
slide rest sciew, which should always coirespond with the decimal 
division of the inch The substance of the shaving may be pietty 
consideiable aftei the fiist entry is made, but it should dwindle 
away to a veiy small quantity, towaids the conclusion of the 
screw To avoid the necessity for taxing the memory with the 
graduation at which the tool stood when it was withdiawn foi 
the back stroke, the author has been m the habit of employing 
a micrometer exactly like that on the sciew, which is set to the 
same graduation, and serves as a remembrancer, another method 
is to employ an aim or stop, which fits on the axis of the screw 
or handle with stiff friction, but nevertheless allows the tool to 
be shifted the two or three divisions required for each cut 

In Mr Eobeits s screw lathe, the nut of the slide sciew 
instead of being a fixture is made with two tails as a fork, which 
embraces an eccentric spindle, by the half rotation of which 
spindle, the nut, together with the adjusting screw the slide 
and the tool, are shifted, as one mass a fixed distmce to and 
fiom the center, between each cut so as first to withdraw 
and then to replace the tool Whilst the tool is running back 
the screw is moved by its adjusting sciew and divisions, the 
minute quantity to set in the tool for the succeeding cut, and the 
continual wear upon the adjusting screw, as well as the uncu 
tamty of its being correctly 
moved to and fro by the mdi 
vidual, are each avoided 

Sometimes, with the view 
of saving the time lost m 
running back two tools are 
used, so that the one may 
cut as the tool slide traverses 
towards the mandrel, the 
othei m the contrary direc 
tion Mi Slianl s anange 
mcntfoi this purpose as ap 
plied to the sciewmg of bolts 
iu the lathe, is shown in 
fig 609 , / represents the 
front, and b the back tool, which are mounted on the one slide s s, 

T i 
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and all three aie moved as one piece by the handle h which 
does not require any micrometer 

In the fust adjustment the wedge w, is thrust to the bottom 
of the conespondmg angular notch m the slide s and the two 
tools are placed m contact with the cylinder to be sciewed For 
thefhst cut the wedge is slightly witlidr iwn to allow the tool/, 
to be advanced towards the work and for the return stroke, the 
wedge is again shifted under the observation of its divisions, 
and the slide s s is brought forwaids, towards the workman up 
to the wedge this relieves the tool / and projects &, which is 
then m adjustment for the second cut, and so on alternate^ 
r Ihe command of the two tools is accuiately given b} the 
wedge which is moved a small quantity by its sciew and micro 
meter between every alternation of the pair of tools, by the 
screw h 


In cutting veiy long screws the same as m turning long 
cylindrical shafts, the object becomes so slender that the con 
tnvance called a backstay, is always required for supporting the 
work m the immediate neighbouihood of the tool The back 
stay is fixed to the slide plate or the saddle of the lathe which 
caines the tool, and is brought as near to the tool as possible , 
sometimes the dies or bearings are circular, and fit around the 
screw at other times they touch the same at two thiee, or 
four parts of the circle only Some of the numerous forms of 
this indispensable guide or backstay, will be hereafter shown 
In using the screw lathe with a backstay for long screws, it is 
a valuable and important method, just at the conclusion, to 
employ a pair of dies m the place usually occupied by the tool, 
as they aie a satisfactory test for exact diameter, and they 
remove tiifhng errors attributable to veins and megularities of 
the matenal, which the fixed tool sometimes fails entncl} to 
reduce to the geneial surface The tool and backstay may be 
each considered to be built on the tops of pedestals more 01 less 
lofty, and therefoie more susceptible of separation by elasticity, 
than the pair of dies fixed m a small square frame Sn John 
Robison lias judiciously proposed, m effect to link the backstay 
and turning tool together by the employment oi a small frame 
canjmg a semicncular die of lignum vitce and a fixed turning 
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tool, adjusted by a piessure screw the fiame to be applied eitliei 
m the hand alone 01 in the slide rest, and to be mveitcd, so th it 
the shavings may f ill away without clogging the cuttei 

SECT VIII—VARIOUS MODES Or ORIGINATING AND IMPROVING 
SCREWS, INCLUDING THOSE Or RAMSDLN, MAUDSLAY, BARTON, 
ALLAN, CLEMENT, AND OTHERS 

The improvement of the screw has given rise to many v iluable 
schemes and modes of practice which have not been noticed in 
the foiegoing sections, notwithstanding their collective length 
These practices, indeed, could not consistently have been placed 
in the formei pages of this chapter because some of them must 
be viewed as refinements upon the general methods the eailiei 
notice of which would have been premature and others 
exhibit various combinations of methods pursued by diffeient 
eminent individuals with one common object and aie therefoie 
too important to be passed in silence, notwithstanding then 
miscellaneous n ituie 

To rendei this section sufficiently complete it appears needful 
to take a slight retiospective glance of the early and the modem 
modes of ongmating screws and screw apparatus some account 
of the foimei maj be found m the wntmgs of Pappus, who lived 
m the fouith centui} * 

I he progressive stages which may be supposed to have been 
foimerly m pictty geneial use for originating sciews, may be 
thus enumerated 

1 Ihe fiist sciew tap may be supposed to have been made by 
the inclined templet, the file, and screw tool, it was impel feet m 
all lespects and not truly helical hut full of small lnegulauties 

2 The dies formed by the above were consideiably nearer to 
perfection, as the multitude of pointed edges of 1, being passed 

* The author has been told by a classical friend that in. the works of Pappus 
Alexandrmus a Greek mathematician of the fourth century are to be found 
l)i ictical dnections for making screws 

Tlio process is simply to make a templet of thm brass of the foi m of a right 
angled tnangle the angles of winch are made m accordance with the mclmition 
of the proposed sciew This tmuglo is then to be wrapped lound the cylinder 
which is to be the desired sciew and a spnal hne tiaced along its elge I lie 
screw is subsequently to be excavated along this line Minute piactieal <lncc 
tions aio given not only for e\ery step of this process but also for the division 
setting out and shaping tlio teeth of a woim wheel of anyiequnod numbei of 
teeth to suit the screw (Vide Pappi Math C >1 lib vm prob xvm) 

1 I 2 
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through every groove of the die, the threads of the latter 
became more neail} equal m then rake or angle and also m 
their distances and foini 

3 The screw cut with such dies would much more resemble 
a tiue helix than 1 but fiom the irregulaiities in the first tap, 
the orooves m the die 2 would necessarily be wide, and their 
sides instead of meeting as a simple angle, would be moie oi less 
filled with ridges and 3 would become the exact counterpait of 2 

4 A pointed tool applied m the lathe, would conect the foim 
of the thread or groove in 3 without detracting fiom its un 
proved cylindrical and helical cliai acter especially if the tm nmg 
tool weie gradually altered, from the slightly rounded to the 
acute form, m accordance with the progressive change of the 
soiew The latter is occasionally changed end for end, either 
m the die stocks or m the lathe, to reverse the direction m 
which the tools meet the woik, and which reversal tends to 
equalise the general foim of the thread 

5 The conected screw 4, when converted into a master tap 
would make dies gieatly superior to 2 it would also serve for 
cutting up screw tools , and lastly, 

6 The dies 5 would be employed for making the oidmaiy 
screws and working taps, and tins completes the one senes of 
screwing apparatus 

One original tap having been obtained, it is often made 
subservient to the production of others , for example a sciew 
tool, with several points cut over the conected onginal 4 would 
serve for striking m the lathe othei mastei taps of the same 
thread but different diameters The process is so much faci 
litated b} the perfection of the screw tool, that a clever workman 
would thus without additional correction, strike master taps 
sufficiently accurate for cutting up othei dies laigci oi smallci 
than 4 Sometimes also the dies 5 aie used foi maikmg out 
original taps a little laiger or smaller than 4 

As a temporaiy expedient, the sciew tool may be somewhat 
spread at the forge file to make a tool a little coarser, oi it 
mavbe upset for one a little finer, and afteiwuds corrected 
vith a file , or screw tools may be made entirely with the file, 
and then employed for producing, m the lathe, master taps ot 
corresponding degrees of coaiseness and of all diameters 

These aie m tiuth some of the progressive modes by which 
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under very careful management great numbers of good useful 
sciewing apparatus have been pioduced and which answer per 
fectly well foi all the ordinary requirements of “ binding or 
‘ attachment screws or as the cement by which the parts of 
mechanism and structures generally are firmly united together, 
but with the powei of separation and reunion at pleasure 
In this comparatively inferior cliss of sciews, considerable 
latitude of propoi tion ma) be allowed, and whether or not their 
pitches or latcs have any exact relationship to the inch, is a 
matter of mdiffeience as regards their individual usefulness but 
m superior screws, or those which may be denominated e regu¬ 
lating and “ micrometrical ’ screws, it does not alone suffice 
that the screw shall be good m general character, and as neatly 
as possible a true helix but it must also bear some defined pro 
portion to the standaid foot or inch, or other measure Ihe at 
tainment of this condition has been attempted m various ways, 
to some of which a brief allusion was made m the second sec 
tion, and a few descriptive particulars will now be offered 



Ihe apparatus for cutting original screws b\ means of a wedge 
or inclined plane,appears to be derived from the old fusee engine, 
a ch xwmg of winch is given m fig 610, m pnnciple it is perfect, 




638 


FUSEE ENGINE WITH INCLINED PLANE 


and it is also universal witinn the narrow limitation of its 
stiuctuie * 

Ihe handle h gives lotation to the woik and at the same 
time by means of the lack r r and the pinion fixed on its axis, 
the handle traverses a slide which cames on its uppei suifacc a 
bar % the lattei moves on a center, and may be set at any inch 
nation by the adjusting screw and divisions it is then fixed by 
its clamping sciews The slide s, cames the tool, and the end 
of this slide rests against the inclined plane i, thiough the intei 
vention of a saddle or swing piece the slide and tool are di awn 
to the left hand b} the chain which is coiled round the barrel b, 
by means of a spiral spring contained withm it 

Supposing the bar i i to stand square 01 at zeio, no motion 
would be impiessed on the tool duimg its ti iverse which we will 
suppose to requne 10 revolutions of the pinion Butif thebai 
were inclined to its utmost extent, so that we may suppose the 
one end to project exactly one inch beyond the other, in lefeience 
to the zeio line or the pith of the slide then during the 10 xe 
volutions of the screw, the tool would traverse one inch, oi the 
difference between the ends of the inclined bar i , and it would 
there!)} cut a screw of the length of one inch, or the total mcli 
nation of the bai, and containing ten coils oi threads 

But the inclination of the bar is arbitiaiy, and may be any 
quantity less than one inch, and it may lean eithei to the light 
oi left consequently the instxument may be employed m cutting 
all right oi left hand screws, not exceeding 10 turns m length 
nor measuring an then total extent above one inch or the maxi 
mum inclination of the bar 

The principle of this machine may beconsidtied faultless but 
in action it will depend upon several niceties of construction 9 
particularly the stiaiglitness of the slide and inclined bai 
the equality of the lack md pinion and the exact contact 
between the tool slide and the inclined pi uic JLliese difficulties 
augment veiy lapidly with the mcreise of dimensions, and 

* The drawing is the half si/e of fig 1 plate xvn of heidmand Beithonds 
E sai sw L Hotlogene Pans 1763 M Berthoud says The instrument is the 
most perfect with which I am acquainted it is the invention of M le Lievrc 
and it has been reconstructed and improved by M Gideon Duval The templet 
or shaper plate determines the hyperbolical section of the fusee Plate 37 of 
Rees s Cyclopedia contains an engiavmg of a different modification of the fusee 
engine also with an inclined plane which is ascubed to Bindley of Yoik 
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piobibly the machine made by Mi Adam Reid exclusively for 
cutting screws is as laige as can be safel} adopted the inclined, 
plane is 44 inches long but the work cannot exceed l-pV mcli 
diam inch long, 01 ten threads in total length JLhe ap¬ 
plication of the inclined plane to cutting screws is therefore 
too contacted for the ordinary wants of the engineer, which, 
are now admnably supplied by the suew cutting lathes with 
guide sciews and change wheels 

The accuracy of screws has alwa} s been closely associated 
with the successful performance of engines for graduating circles 
and right lines, and the next examples will be extracted from 
the published accounts of the dividing engines made by Mi 
Ramsden * ____ 

* This eminent individual received a reward from the Board of Longitude upon 
the condition that he would furnish foi the benefit of the public a full account of 
the methods of constructing and using his dividing machines and which duly 
appeared m the following ti acts — Description of an Engine for dividing Mathe 
matical Instruments by Ramsden 4to 1777 Also Description of an Engine 
for Dividing Straight Lines by Ramsden 4to 1779, from which the following 
particular are extracted — 

The circular dividing engine consisted of a large wheel moved by a tangent 
screw the wheel was 45 inches diameter and had 2160 teeth so that six turns 
of the tangent screw moved the circle one degree the screw had a micrometer 
and also a ratchet wheel of 60 teeth therefoie one tooth equalled one tenth of 
a minute of a dtgiee Ihe sciew could he moved a quantity equal to one single 
tooth or several turns and parts by means of a cord and treadle so that the 
circular woiks attached to the dividing wheel could be leadily graduated into the 
required numbers, by setting the tangent seiew to move the appiopnate 
qumtitios the dividing knife oi diamond point always moved on one fixed, 
radial line by me ms of a swing frame 

In latching or cutting the wheel says Mr Ramsden the ciicle was divided 
with the greatest exactness I was capable of first into 5 parts and each of these 
into 3 these parts weie then bisected 4 times this divided the wheel into 240 
divisions each mtendod to contain 9 teeth The ratchmg was commenced at 
each of the 240 divisions by setting the screw each time to zero by its micro 
meter and the cutter frame to one of the great divisions by the index the 
cutter was then pressed into the wheel by a screw and the cutting process 
was mteriupted at the ninth revolution of the sciew It was resumed at the 
next 24 Oth division (oi nine degrees off) as at first and so on 

This pioocss was xepeated three times round the circle after which the ratchmg 
was continued muntenuptedly aiound the wheel about 300 times this completed 
the teeth with svtisf ictoiy accuracy The tangent screw was subsequently made 
as explained m the text 

I he fii Ht ippho xtion of the tangent screw and latohet to the purposes of gradu. 
ation appeals to have been in the machine for cutting eloelc md witch wheels by 
Pietro lardoil see plate 23of Ihiouts ThmU dllorlogevie &c Pans 1711 At 
page 55 is given a Uble of ratchets and settings for wheels irom 102 to 800 teeth 
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In Mr Ramsden s description of his dividing engine for 
circles, he sajs 4 Having measured the circumference of the 
dividing wheel I found it would require a screw about one 
thread m a hundied coaiser than the guide screw He goes on 
to explain that the guide screw moved a tool fixed m a slide 
carefully fitted on a triangular bar an arrangement equivalent 
to a slide rest and fixed tool the screw to be cut was placed 
parallel with the slide, and the guide screw and copy were con 
nected by two cliinge wheels of 198 and 200 teeth (numbers m 
the proportion required between the guide and cop^) with an 
intermediate wheel to make the threads on the two screws m 
the same diiection A u no account is given of the mode m 
which the guide sciew was itself formed, it is to be presumed 
it was the most coirect sciew that could be obtained and was 
pioduced by some of the means described m the beginning of 
the present section 

Mr Ramsden employed a more complex apparatus m ongi 
natmg the screw of his dividing engine for straight lines, which 
it was essential should contain exactly 20 threads m the inch, 
a condition uncalled for m the cncular engine, in which the 
equality of the teeth of the wheel required the pnncipal degree 
of attention This second screw cutting appaiatus which may 
be viewed as an offspring of the cncular dividing engine, is 
lepiesented m plan m fig 611, and miy be thus bricfl} ex 
plained 



The guide sciew G is turned lound by the wmch, md m each 
revolution moves the larger tangent wheel one tooth, the 
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tangent wheel h is a small central bobs 01 pulley p to which is 
attached the one end of an elastic slip of steel, like a watch 
spung the other end of the slip is connected with the slide s 
that carries the tool t, m a right line beside the screw C, which 
latter is the piece to be cut and C, is connected with the guide 
screw G, by a bevil pinion and wheel g and c, as 1 to 6 

To pioportion the traverse of the tool to the interval or pitch 
of the screw two dots were made on the slide 5 , exactly five 
inches asunder, and m that space the screw should contain 100 
coils to be brought about by GOO turns of the handle The 
guide sciew was moved that number of revolutions and the 
diameter of p, was reduced by trial, until the GOO turns traversed 
the slide exactly from dot to dot these points were observed 
at the time through a lens placed m a fixed tube, and having 
a fine silver wire stietched diametrically across the same as an 
index 516 

The late Mr Heniy Miudslay, de\oted an almost incredible 
amount of labour and expense, to the amelioration of screws and 
screwing apparatus which as regarded the works of the mill 
might and engineer, were up to that time in a vei} imperfect 
state With the view of producing sciews of exact values, he 
employed numeious modifications of the chain or band of steel, 
the inclined knife the inclined plane and indeed each of the 
known methods which however he remodelled as additions to the 

* See e Description of an Fn 0 me for Dividing Straight Lines piges 13 to 16 

In the constiuction of his dividing engmo for straight lines Ramsdon veiy closely 
followed his prior machine foi cncular lines if we conceive the wheel spioadout as 
a rectilinear slide On tho one edge of the mam slide which earned the work was 
cut a screw form rack with twenty teeth per inch which was moved by a short fixed 
screw of the same pitch by moans of ratchets of 50 48 or 32 teeth respectively the 
screw could be moved a quantity equal to one single tooth or to several turns and 
parts by means of a treadle To obtain divisions which were incompatible with 
the subdivision of the inch into 1000 900 or 640 parts the respective values of one 
tooth the scale was laid on the slide at an angle to the direction of motion when 
the swing frame was placed to traverse the knife at right angles to the path of tho 
slide the graduations weie lengthened when the knife was traversed at right 
angles to the oblique position of the scale being divided they were shoitenod Ibis 
was to a small degree equivalent to having a screw of vanablc length In cutting 
the screw form teeth of tho lectilmcar dividing engine the entno length, namely 
25 G inches was first divided vuy carefully by continual bisection into spaces of 
eight tenths of an inch by h md as usual and tho screw cuttei w is placed at zero 
at each of these divisions pressed into tho edge of the slide and revolved 
sixteen times ifter three repetitions at each of tho pnnupil spaces tho ontno 
length was ratchod continuously until the teeth wore completed 
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ordmaiy turning lathe with a tnangulai bar, a natural result 
as he was then m the frequent habit of constiuctmg that 
machine and which received gieat impiovement at his hands 
It was noticed at page 581, that of all the methods he gave 
the prefeience to the inclined knife applied against a cylinder 
1 evolving m the lathe, by means of a slide i mining upon the bar 
of the lathe which besides being very lapid, i educed the 
mechanism to its utmost simplicity This made the process to 
depend almost alone on the homogeneity of the maternls, and 
on the relation between the diameter of the cylmdei and the 
inclination of the knife , whereas in a complex machine eveiy 
part concerned m the tiansmission of motion such as each axis, 
wheel and slide, entails its risk of individual eiroi, and may 
depreciate the accuracy of the result, and to these sources of 
disturbance must be added those due to change of tempeiature, 
whether ansing from the atmosplieie orfiom faction, especially 
when diffeicnt metals are concerned 

A rod of wood, generally of aldei and about two feet long, was 
put between the centers and reduced to a cylmdei by a lounder 
or mtchet (fig 313, p 487), attached to a slide i mining on the 
bar, the slide with the inclined knife was then applied, and the 
angle of the knife was gradually varied by adjusting sciews, until 
several screws made m succession, were found to agree with 
some fixed measure The experiment was then repeated with 
the same angle upon cylinders of the same diametei, of tin, 
brass, and othei compaiatively soft metals, and hundreds oi 
it might almost be said, thousands of sciews were thus made 
Fiom amongst these screws were selected those which, on 
tiial m the lathe, were found to be most neaily tiue m then 
angle or to ha^ e a quiescent gliding motion and which would 
also best enduie a stuct examination as to then pitch oi mlei 
vals, both with the rule and compisses md also when twowuc 
placed side by side, and their respective threads weie compared, 
as the divisions on two equal scales 

The most favourable sciew having been selected, it was em 
ployed as a guide screw m a simple apparatus which consisted 
of two triangular bais fixed level, paiallel, and about one foot 
asunder, m appiopriate stanclaids with two apeituies the one 
b ir cuned the mandrel ind popit heads as in the ordmaiy bar 
lathe llie slide rest embraced both bars, and was traveised 
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thereupon by the guide sciew placed about midway between the 
bais the guide sciew and mandiel were geneially connected by 
thiee wheels or else by two 01 four, when the guide and cop} 
were required to have the leveise direction The mandiel was 
not usuall} duven by a pulley and cord but on the extremity 
of the mandrel was fixed a light wheel with one arm serving as 
a wmch handle for rapid motion m running back, and six or 
eight ladial aims (after the manner of the steeling wheels of 
luge vessels) by which the mandrel and the screw were slowly 
handed lound during the cut 

In a subsequent and stionger machine the bar canymg the 
mandiel stood lower than the other, to admit of larger change 
wheels upon it, and the same duvmg gear was retained And 
m anothei structuie of the screw cutting lathe, Mr Maudsby 
placed the tnangulai bai for the lathe heads m the center, 
whilst a large and wide slide plate, moving between chamfei 
bars attached to the fiammg earned the sliding rest for the 
tool m this last machine, the mandiel was duven by steam 
powei and the retrograde motion had about double the velocity 
of that used m cutting the sciew Indeed these machines may 
be fuily consideied to be the precursois of the piesent screw 
cutting lathes, m which the detached tnangulai bars 01 slides 
have been exchanged for one stiong beaiei with two ndges or 
fillets, upon which the slide plate moves foi guiding the travelse 
of the tool 

The lelaiions between the guide sciew and the copy weie 
vaned m all possible ways the guide was changed end foi end, 
oi diflcicnt paits of it were successively used sometimes also 
two guide sciews were yoked together with three equal wheels, 
their nuts being connected by a bar jointed to each, and the 
center of this link, (whose motion thus became the mean of that 
of the guides) was made to travel se the tool Steel screws were 
also cut and converted into original taps, fiom which dies were 
made to be themselves used m correcting the minor errois, and 
lend a the screws m all 1 espects as equable as possible In fact, 
every scheme that he could devise, which appealed likely to benefit 
the result, was carefully tried in older to peilcct to the utmost, 
the helical character and equality of subdivision of the sciew 

Mi Maudsby succeeded by these means, aftei gieat perse 
verance, m making a very excellent biass screw about seven 
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feet long, and which, compared with standard measure, was 
less than one sixteenth of an inch false of its nominal length 
1 along the eiror as the one thousandth pait of the total length 
of the screw, which was beyond its real quantify, to make horn 
it a conected screw by the system of change wheels would 
have required one wheel of 1000 teeth anclanothei ot one tooth 
less, or 999 but m reality the enor was much less, ind peiliaps 
nearer the two thousandth of an inch , then the wheels of 2000 
and 1999 teeth would have been required consequently the 
system of change wheels is scarcely applicable to the collection 
of very minute errors of length 

The change of the thousandth part of the totil length, was 
therefore given to the tool as a supplementaly motion, wlueli 
might be added to oi subtiacted fiom the total tiaveisc of the 
tool m the mode explained by the diagiam, fig 612, m which 
all details of construction aie purposely omitted llie copy O, 
and the guide screw G, aie supposed to be connected by equal 
wheels in the usual manner, the guide sciew cames the axis of 
the bent lever, whose aims are as 10 to 1, and winch moves m a 
horizontal plane the shoit arm carries the tool, the long aim is 
jointed to a saddle which slides upon a tnangulax bu u 

c 

Gr 


In point of fact, the tool was mounted upon the uppei of two 
longitudinal and parallel slides, which weie collectively travel bed 
by the guide sciew G In the lower slide was fixed the axis ox 
fulcrum of the bent le\er, the short aim of which was cornu < ted 
by a link with the upper slide so that the compensating motion 
was given to the upper slide lelatively to the lowex 

The triangular bar % %> when placed exactly paiallel with the 
path of the tool would produce no movement on the same, and 
C, and G would be exactly alike, but if were placed out of 
parallelism one inch m the whole length, the tool, during its 
traverse to the left by the guide screw Gr, would be moved to 
the light by the shifting of the bent lever one tenth of the 
displacement of the bar, or one tenth of an inch 
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Theiefoie whilst the guide screw G, from being coaisei than 
reqimed, moved the principal slide the one thousandth put of 
the total length in excess , the bent level and inclined straight 
bai i i pulled back the uppei 01 compensating slide, the one 
thousandth part, or the quantity in excess making the absolute 
ti averse of the tool exactly seven feet, 01 the length required foi 
the new screw C mste id of seven feet and one sixteenth of an 
inch the length of G To have lengthened the tiaverse of the 
tool the bai % t must have been inclined the leverse way m other 
words, the path of the tool is m the diagram the cliffei ence of the 
two motions m the reverse inclination its path would be the sum 
of the two motions and % i being a straight line, the correction 
would be evenly distributed at every part of the length * 

Whilst Mr Maudslay s expeiiments in perfecting the screw 
were being earned on his friend Mr Barton I* paid frequent 
visits to Ins manufactory and also pursued a similar comse 
Mr B 11 ton piefeired, however, the method of the chain 01 flexible 
band for trwersmg the tool the exact quantity, because the 
reduction of the diametei of the pulley or drum, affoided a veiy 
leady means of adjustment for total length and all the wheels 
of the mechanism being individually as peifect as they could 
be made a near approach to gencnl perfection was naturally 
anticipated on the fiist tml Tins mode, however is subject to 
the ci 101 mtioduced by the clisticity oi elongation of the chain 
or bind, and which is at the maximum when the gieatest length 
of chain is uncoiled from the band 

These two individuals having theiefoie anived, by diffeient 
methods as neni to perfection as they were then respectively 
capable of, each made a screw of the same pitch, and 15 
inches long, and the two when placed side by side were found 
ex icily to agree throughout their length, and were consideied 
perfect The two screws were submitted m 1810 to the 
scrutiny of that celebiated mathematical instrument maker, the 
hte Mr Edw Trough ton F E S , &c , who examined them by 
means of two powerful microscopes with cioss wncs, such as aie 
used foi leading off the gi iduations of astronomical instruments 
applied like a pair ol the most refined compasses, to measure the 

* llio npinr xtus was fitted to tlio second screw lathe of those dcscubod and 
the mclmid bai wis placed on tempoiary woodon sUndaids 

| Subsoipia tly Sn J Puton Comptroller of the Mint &o 
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equality of some 20, 50, or 100 threads, taken indiscriminately 
at diffeient parts of the length of the sciews * From this 
severe trial it resulted, that these screws which to the unassisted 
sight and for almost every purpose of mechanism weie unexcep 
tionable were found to he full of all kinds of errois, being 
unequally coaise at diffeient pirts, and even irregulai in then 
angles, or 4 drunk This rigid scrutiny led both parties to 
fiesh and ultimately successful efforts, but of these our limits 
will only allow us to notice one apparently denvtd fiom the 
use of the two microscopes 

Mi Barton employed two pairs of dies upon the one sciew 
the dies were fixed at vanous distances asundex upon one frame 
oi bar and the screw was passed thiough them This was found 
to distribute the minute errors so completely, that little xt 
m lined to be desned as it is obvious that at those paits whei o 
the screw was too coarse, the outer sides of the thieads weie 
cut, and which tended to shorten the screw , and wheie it was 
too short, the inner sides were cut, which tended to lengthen the 
screw in fact the two parts temporarily situated within the dies, 
were continually endeavouring to approximate themselves to 
the fixed unvarying distance, at which the dies weie foi the 
time placed f 

Mr Maudslay did not restnet his attention to the coriection 
of the screw for the purposes of science,! but he also effected a 
great many improvements m the system of taps and dies by 
which they were made to cut instead of squeeze as to him ai c 
due the introduction of the thiee cutting edges and the division 
of the taps into the senes of three, namely the entering oi 
taper tap the middle and the plug tap by which shallow holt s 

* The microscope had been long used m the process of graduating instruments 
but this invaluable mode of employing two microscopes m combination was Fn st 
successfully practised by Mr Troughton 

f Mr Barton informed the author that he employed the sciew conccted m the 
above manner m his engraving machine employed foi cutting with the diamond 
the lines as fine as 2000 m the inch, on the steel dies refen ed to m the note on page 
42 vol i and he said that such was the accuracy of the mechanism that if a lino 
were missed the machine could be set back foi its insertion without my difieicnc o 
being perceptible The author unintentionally ascribed the first application of 
the diamond to turning steel to Sir John Barton (see note page 179 vol i ) 
whereas it had been used long before by Ramsden m cutting the haidontd 
steel screw for his rectilinear dividing engine See his tiact pages 14 15 

$ Tlie accuracy of a screw cut by Mr Maudslay and employed m Mr Donkm s 
lectilmear dividing engine is indisputably shown at page 654 of this volume 
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or dead holes, m cast non, can be safely tapped with full 
tlneads, a matter before impossible 

This engineer also made a series of taps, from six inches 
diametei, foi attaching the pistons of steam engines to their 
piston lods, to the smallest used m screw plates for watch woik 
Ihe diametei s of these taps were derived from the ordinal y 
subdivision of the inch into eighths and sixteenths, and their 
thieids were jointly determined by the respective strength of 
each screw and the choice of defined rates, such as 6 4 4j, 

6 8 cbc , threads per inch To have employed one constant 
angle or piopoition between the diameter and pitch would have 
mtioduced many fractions into the rates of pitch, and an me 
gulanty of strength m the screws themselves The formation of 
these taps was rendered comparatively easy, after he had mtio 
duced the tine original screw and the system of change wheels, 
as a common piactical apparatus, many copies of these sciew 
threads have found their way to other workshops, and have 
served to influence the construction of similar tools of vanous 
pi opoi turns 

Indeed, I believe it may be fanly advanced, that duimg the 
penod fiom 1800 to 1810, Mi Maudslay effected nearly the 
entile chinge fiom the old, imperfect, and accidental piactice of 
sciew making rcfened to at page 635 to the modern, exact 
and systematic mode now generxlly followed by engmceis, and 
he puisued the subject of the screw with more or less ardour, and 
at an enormous expense, until his death m 1835 The lesults 
have been so important, and aie so well appreciated amongst 
mechanical men geneially, that they may be considered fully 
to deserve the shoit digression to which they have led 

In 1816, Mi Allan was rewarded by the Society of Aits for 
his method of cutting micrometer screws with dies the repie 
sentation and description of the instrument will he found at page 
582, wheie it is shown m the act of cutting an original screw with 
an inclined knife Micrometer screws are cut m this apparatus 
much m the same manner, except that about one third of the 
thread is cut with the large die, fig 535 the inner cuivatuie 
of which agrees with the curvature of the blank cylmda and 
the screw is finished with the smaller die, 536, cut by an original 
of the same diameter as the finished screw The piece pre 
pared foi the sciew must always have two cylindiioal ends to 
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fit the semicircular healings b b this arrangement prevents the 
sciew from being bent m the piocess of cutting but which 
latter operation is accomplished entnel} with the dies * 

About the yeai 1820, Mr Clement devised and put m piactice 
a peculiar mode for originating the guide screw of his sciew-latlie, 
the steps of which plan will be now descubed 

1 He proemed fiom Scotland some hand screw tools cut 
over a hob with concentric grooves and to prevent the ndges 
oi points of the screw tools, from being cut squaie across the 
end the rest was inclined to compensate for the want of angle 
m the hob or cutter 

2 A brass sciew was stiuclc by hand, or chased with the tool 1 

8 Ihe screw 2, was fixed at the back of a travel sing mandicl, 

and clipped between two pieces of wood or dies to seive as a 
guide, whilst 

4 A more perfect guide sciew was cut with a fixul tool, and 
substituted on the mandrel for 8 as Mr Clement considacd 
the movement derived from the opposite sides of the one sciew 
became the mean of the two sides, and coirected my megu 
lanties of angle oi of drunkenness 

5 A large and a small master tap m, fig 613, were cut on the 
traversing mandrel with a fixed tool, the thieads were about an 
inch long, and situated m the middle of a shaft eight oi ten 
inches long the small mastei tap was of the same diamctu as 
the finished screw, the large mastei tap measured at the bottom 
of the thread the same as the blank cylinder to be scicwed, as 
m figs 572 and 576, page 600 The master taps m, wcie used 
m cutting up the rectangulai dies requiied m the apparatus 
shown m fig 613, and now to be described 

6 On the paiallel bed of a lathe, weie fitted two standaids or 
collu heads h h' intended to recene the pivots of the scuw to 
be cut, on the extienntvof which was placed a winch handle or 
sometimes an intermediate socket was niteiposod between tin 

* Mr A Ross considers tliafc the friction of Mr Allan a app n atus is apt to i etard 
the traverse of the screw and therefoie to cut the bottom of the thread too wide oi 
rounding In his piactice he uses the large and sm ill dies for i shoi t pcnod it the 
commencement and conclusion of the process but he cuts out the pnncipal bull of 
the material by a fixed tool inserted within a radial mortise m a semicnculax 
coppei die the copper is indented more and more with the pi ogress of tin woik 
and serves as an efficient guide whilst the cutting is accomplished with consul ei ably 
less friction and in a superior manner by the cutter or turning tool 
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screw and the winch, to carry the latter to the end of the bed 
The bed had also an accurate slide plate s s' running freely upon 
it, the slide plate had two tails which passed beside the head h 
and at the other end a projection through which was made a 
transverse rectangular mortise for the dies, the one end of the 


Fig 613 



mortise is shown by the removal of the front died and the hack 
die d' is seen m its propei situation one extremity of each die 
was cut from the laige master tap m, and the other from the 
small 1 he clamp or shackle c c' was used to close the two dies 
upon the screw simultaneously it is shown out of its true posi 
tion m ordei that the dies and mortise maybe seen, but when m 
use the shackle would be shifted to the right, so as to embrace 
the dies d d The plain extremity c rested against the back die, 
whilst the screw c bore against the front die, th louh the inter 
vention of the washer loosely attached to the clamp to save 
the teeth from injury, the piessure sciew c had a graduated 
head and an index, to denote how much the dies weie closed 

7 A cylinder about two feet long, prepared for the screw, 
was placed between the heads h In', and the large dies whose inner 
edges were of the same diameter as the cylinder were closed 
upon it moderately tight, and the screw was turned round with 
the winch to trace a thread fiom end to end, this was lepeated 
a few times, the dies being slightly closed between each trip 

8 A screw tool was next fixed on the slide s s', m a chamfer 
slide 1t' with appropriate adjusting screws so as to follow the 
dies and remove a shaving, much the same as in turning, the 
dies having arrived at one end of the screw the same screw 
tool, or a second tool, was placed on the opposite side of the 
slide plate, so as to cut duung the return movement With 
the piogiess of the sciew the screw tool was applied at a 

tr u 
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variety of distances from the pan of dies, as well as on opposite 
sides of the screw so that the metal was cut out by the tool, and 
the dies were used almost alone to guide the traverse Of course 
the dies were closed between each trip and when the screw was 
about half cut up, the small dies we^ e substituted for the laige 
ones used at the commencement of the process 

9 The screw thus made, which was intended for a slide rest 
was found to be very uniform m its thread, and it was used 
for some time for the oidmary purposes of turning When how 
evei it was required to be used for cutting other screws, it was 
found objectionable that its rate was nemly nine, whereas it 
was required to have eight threads per inch it was then used 
in cutting a new guide screw by means of a pair of change 
wheels of 50 and 56 teeth, which upon calculation weie found 
to effect the conveision with sufficient precision 

10 From 9, the sciew of 24 inches m length, one of 8 feet 
m length was obtained, the tlnead was cut one third its 
depth, with the wheels, successive poitions being operated upon, 
and the tool being carefully adjusted to the termination of the 
part pieviously cut The general truth of the entile length was 
given by a repetition of the tedious mode of conection repre 
sented m the figuie, with the dies and tool applied upon a hearer 
rather exceeding the full length of the screw * 

Although the processes 7 and 8 will pxoduce a most uniform 
sciew, Mr Clement attaches little importance to the use of the 
dies and guide frame alone when several screws are wanted 
strictly of the same length Of some few thus made, as nearly as 
possible under equal circumstances, two screws were found veiy 
nearly to agree, and a third was above a tenth of an inch longer 
m ten inches This diffeience he thinks to have arisen m mark 
mg out the threads, from a little variation m the friction of the 
slide, or a difference m the first penetration of the dies 

The friction of the slide, when sufficient to cause any retard 


* Mr Clement also made a very superior steel screw of about five feet m length, 
and three inches diameter precisely by the method 10 before he had completed the 
screw lathe he now commonly uses and Mr Whitworth follow ed precisely the 
same method m obtaining his standard screw of about the length of 24 feet and 
half inch pitch except that a clasp nut was used instead of the dies It was 
pioduced from, a short screw cut by Mr Clements the correctional process 
occupied two months and was carried on with a most strict regard to avoid the 
unequal expansion of the screw and apparatus employed upon it 
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ation, he considers to produce a constant and acc um ulative 
effect, fust as it weie, ieducing the screw of 15 thieads per 
inch siy to the fineness of 15g- then acting upon that of 15^ 
reducing it to 15£ and so on, and that to such an extent, as 
occasion illy to place the screw entirely beyond the conectional 
piocess This cinnot be the cise when the tl read is first 
mail ed out with the change wheels, instead of the dies 

One \eiy nnpoitant application of the screw, is to the gradua¬ 
tion of mathem itical scales, the screw is then employed to move 
a platfonn, which slides veiy freely, and carries the scale to be 
giaduated, and the swing frame for the knife or diamond point 
is attached to some fixed pait of the framing of the machine 
Supposing the screw to be absolutely peifect, and to have fifty 
threads pei inch successive movements of fifty re volutions would 
moie the platform and giaduate the scale exactly into true 
inches but on close examination, some of the graduations will 
be found to exceed and others to fall shoit of the true inch 

The scales assume of couise, the relative degree of accuracy 
of the sciew employed No test is more seveie and when these 
scales are examined by means of two micioseopes under a mag 
liifj mg power of ten oi twenty times the most minute enors 
become abundantly obvious, fiom the divisions of the scales fail 
ing to intersect the cioss wires of the instrument the lesult 
deaily indicates coirespondingnregulanties m the coarseness of 
the screw at the respective paits of its length An accustomed 
eye can thus detect, with the microscope, differences not exceed 
mg the one thirty thousandth part of an inch, the twenty five 
thousandth part being comparatively of easy observation 

From Mr Donkin s investigation of the subject, he was led to 
conclude that it is Quite impossible to pioduce a screw which 
shall be absolutely free from erroi, when micrometncally proved, 
and in 1823, he was m consequence led to consider that as Mr 
Maudslay s method of the bent lever and inclined straight bai 
would compensate the error of total length m a neaily peifect 
sciew a similai mode might be applied to all the intermediate 
errors, by the employment of a cwrve expeumeutilly obtained by 
the method of continual bisection employed in hand dividing 

It having been explained m reference to the diagram on page 
014 that the inclination given to the bni 11 would lcduoc the 
effective length of a screw, and the leverse inclination would 

u u 2 



652 


DONKINS EECTILINEAE DIVIDING ENGINE 


increase it, Mi Donkin considered that fiom the observed fact 
of one half of the sciew, (as estimated by counting the number 
of threads) being generally too coarse, and the other half too 
fine, the compensation would requue the one half of the ba^'fc, 
to be inclined to the right as m the diagram, and the other half 
to the left m fact thus bending the light line into an obtuse angle 

Extending this mode, upon the presumption that the quarters, 
eighths, or sixteenths, of the screw were also dissimilai, the 
bar would requue many flexures instead of the one only, giving 
to it a more 01 less zig zag charactei, 01 rather that of a gentl} 
undulating line Ihe undulations being proportioned exyen 
mentally to effect such compensations, as should add to the 
movement of the upper platfoim 01 supplementary table, wheie 
the sciew was too fine, and subtract fiom its motion, where the 
sciew was too coaise , so as, fiom a screw known to be slightly 
irregulai, to produce the divisions of a scale, or the thread of 
another sciew considerably neaier to equality 

He carried out this project m 182b, and he has satisfactorily 
pioved the existence of a collection'll method, winch is within 
reach of any clevei workman who will devote sufficient pattence 
to the adjustment of the engine, and which lattei will be now 
briefly explained 

Mr Donkins dividing machine consists fiist of a table or 
platfoim moving on a railway, the platform being supported by 
four or any greater number of wheels that may be required 
for preventing flexure and for diminishing faction Ihe upper 
edges of the two rails on which the wheels turn, are made as 
perfectly stiaight as possible, the rails lie m the same hormonal 
plane , and they are placed at any convenient distance from 
each other The table or platfoim is guided laterally m its 
course upon the rails by four wheels, of which two are placed 
on each side of one of the rails, two wheels turn on fixed axles 
on one side of the rail, whilst the two on the other side aie 
held tight to the mil by means of springs, thus pi eventing any 
deviation from the rectilinear course m which the platform 
ought to travel To the under side of the platform is attached 
a clasp nut, the two parts of which aie so constructed, as to be 
applied to, or separated from the mam screw, which lies below 
the platform, and is exactly parallel with the lails, 01 with the 
line m which the platform is made to move 

To effect the compensation, the platform 01 tabic consists 
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of an upper and lower plite which are capable of a small mde 
pendent motion The lower plate cames the fulcrum of the 
bent lever, whose aims are at right angles and as fifty to one, the 
lever moves m the veiticil plane, so that its longer arm lies by 
giavity alone on the curvihneai edge of the compensation bai the 
upper platfoim is pressed endlong against the shoiter aim of the 
bent level, by a spring which nlwaj s keeps them m close contact 

The attachment of the two platfoimsis peculiai the upper, 
udes upon four 1 oilers or nther sectors, and the two plates aie 
connected by two slight rods placed transversely between them, 
the ends of the rods are fixed over the one rail to the lower, and 
over the other rail to the upper platform, the bars consequently 
fulfil the office of the radius bars of a parallel rule, and suffice 
by their flexure alone, for the very limited and exact motion 
requued m the upper table 

The compensating bar which is of the length of the screw or 
24 inches, has 48 nanow slips of metal placed like the keys of 
a piano foite, each having an appropriate adjusting and fixing 
sciew, by which the ends of the pieces may be placed m a con 
tmuous line oi any of them mxy be placed above oi below the 
line as requued in the following mode of compensation For 
change of tot xl length and adjustment foi tempeiature the curved 
bu is more or less inclined, as m the foimei example except 
that it is placed edgeways or verticxlly , it is attached to the out 
side of one of the rails, by a pivot which intersects the one end 
oi its cuivilmeai edge, and the other end is laised oi depressed 
by a screw, which effects the adjustment foi tempeiature 

Conceiving the length of the guide sciew divided into 48 
equal paits denoted by the figuies 0 to 48 it would he first 
asceitained by two fixed microscopes if the halves of the screw, 
mcasuied from 0 to 24, and from 24 to 48, were absolutely 
equal quantities if not, the central slip oi finger would be 
laised oi lowered until on repeated tuals the due conectional 
movement was applied to the table The two halves would be 
similaily bisected and corrected m the points 12 and 36, and 
the quaiters again bisected m 6, 18 30, and 42 and the 

eighths when also bisected, would extend the examination to 
the points 0, 3 6, 9 <Vc ,to 48 The easiest method is to com 
pare the path oi the slide, with the divisions of a supenor scale, 
fixed upon the slide oi plitform of the machine 

It would now be needful to divide the whole into three paits, 
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by tlie comparison of the spaces fiom 0 to 16 from 1C to 32, 
and from 32 to 48, the points 16 and 32 being adjusted until 
exactly equal, which is the most difficult part of the woik and 
then these three distances being bisected four times, every 
point of the 48 would have been examined, and some of them 
twice over These adjustments having been repeatedly venfied, 
during which a veiv frequent reciurence to the total length is 
imperative, the concluding step is to file off the corners of the 
48 slips very carefull}, so as to convert them into a line with 
undulations, slight it is tiue, but which represent fifty fold the 
actual errors m the guide screw, and therefore shift the table 
simultaneously with its geneial traverse so as to apply the 
exact coirections for inequality, at every point examined and 
found to be m error 

But the teim enoi must he received in a vuj restricted sense, 
as it deserves to be noticed, that Mr Donlun fiist used a sciew 
made by Mr Maudslay, and the maximum deflection of the 
cuived edge of the compensation bai fiom a stiaight line was 
very neail} the eighth of an inch, indicating the maximum en or 
of the screw to have been about the 400th part of an inch and 
as the curve was neaily limited to a single undulation oi a hill 
at one end, it may be piesumed this minute enoi wis m pait 
attnbutable to a difference in the material, a somoe of pc iplcxity 
from which no care is a sufficient pi otection JLlie dividing engine 
was employed as a tiaversmg lathe in cutting a new sciew, and 
which although it had the advantage of the compensation, only 
reduced the eiror of the new screw to about one thud the 
quantity of that of the fiist, as shown by the new eui ve assumed 
bj the compensation bai its deflection being of an inch, when 
le adjusted in the tedious and anxious method desenbed * 
Having at length concluded the remarks on some of the most 


* In the year 1842 Mr Donkin made a similar but enlarged dividing engma 
The length of traverse of the new machine is 42 inches the screw has 40 threads 
m the inch the compensation bar is as 60 to 1 and the value of one single tooth 
in the counting wheel is equivalent to the 60 000th part of an inch that of the 
first machine having been the 30 000th part 

It is to be regretted that Mr Donkm did not complete his labours by publishing 
a detailed account of these machines the lattei of which m par tic ul ir t \lubits 
throughout its structure a most refined contrivance and execution ol which no 
adequate idea can possibly be conveyed withm the limits of this si ndcr notice 
noi without exact drawings of the details to the airangcmcnt of wluch groat 
attention has been bestowed 
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i efined and scientific efforts that have been employed m pro 
ducmg and peifectiomng the sciew, I shall m the next and con¬ 
cluding section of this alieady extensive chapter, proceed to the 
discussion of a variety of important considerations and con 
ditions which practically influence the proportions, forms, and 
generil character of screws, to adapt them to multifaiious pur 
poses m the mechanical and constructive arts 


SrCT IX—SCREW THREADS CONSIDERED IN RESPECT TO THEIR 
PROPORTIONS, TOEMS, AND GENERAL CHARACTERS 

The proportions given to screws employed for attaching 
together the different paits of work, are in nearly every case 
arbitrary or m othei words, they are detei mined almost by 
experience alone rather than by rule, and with little or no aid 
from calculation, as will be shown 

In addition to the oidmary binding screws, winch although 
aihitraiy, assume proportions not far distant fiom a general 
a\erage mxny screws either much coaisei or finei than usual, 
aic continually lequned for specific pm poses as aie likewise 
other screws of some definite numbers of turns per inch, as 2, 
10 12 20, &c , m oiclei to effect some adjustment or movement 
having an immediate lefcience to oidmaiy lineal measuie 
Hut all these must be considered as still moie distant, than 
common binding screws, fiom any fixed piopoitions, and not to 
be amenable to any rules bejond those of general expediency 
Neither the pitch, diameter, nor depth of thread, can be 
adopted as the basis fiom which to calculate the two other 
measures, on account of the different modes in winch the three 
influence the effectiveness of the screw, nor can the proportions 
suitable to the ordinary | inch binding screw, be doubled for the 
1 } inch screw, or halved for that of ■§• inch, as eveiy diameter 
lequires its individual scale to he determined m great measure 
by experiment, m older to produce something like a mean 
piopoition between the dissimilar conditions, which will be 
separately explained m various points of view 

The reasons foi the unceitamty of measure m the various 
fixing screws required m the constructive aits, are sufficientlv 
manifest, as fiist, the foicc or strain to winch a sciew is exposed, 
eithci m the act of fixing, or m the office it has afterwaids to 
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peiform can larely be told by calculation, and secondly, a 
knowledge of the strain the screw itself will safely endure with 
out breaking m two, or without drawing out of the nut is 
equally difficult of attainment nor thirdly can the deduction 
for friction be truly made from that force the screw should other 
wise possess, from its angle or pitch, when viewed as a mecha 
meal power, or as a continuous circular wedge 

The force requned m the fixing of screws takes a very wide 
range, and is faintly indicative of the stiam exerted on each 
The watchmaker,in fixing his binding screws employs with gieat 
delicacy a screw driver the handle of which is smaller than an 
ordinary drawing pencil while for screws, say of five inches 
diameter, a lever of six or seven feet long must be employed by 
the engineer, with the united exeitions of as many men But 
m neither case do we arrive at anj available conclusion, as to 
the precise foice exeited upon, or by each screw, nor of the 
greatest strain that each will safely endure 

The absolute measures of the strength of any individual screw 
being therefore neaily or quite unattainable all that can be done 
to assist the judgment, is to explain the relative or compciiatue 
measures of strength m different screws as determined by the 
three conditions which occur m eiery screw , whether it be light 
or left handed, of single or of multiplex thread or of any section 
whatever, and which three conditions follow differ ent laws, and 
conjointly , yet oppositely determine the fitness of the screw for 
its particular purpose, and therefore tend to perplex the choice 
The three relative or comparative measures of strength m dif 
ferent screws are fiist the mechanical power of the thread , which 
is denved from its pitch secondly the cohesive strength of the 
bolt , which is derived from its transveise section , and thirdly, 
the cohesive strength of the hold , which is derived from the intei 
placement of the threads of the screw and nut 

These conditions will he first considered, principally as regards 
ordinary binding screws and screw bolts and nuts, of angular 
threads, and which indeed constitute by far the largest numbei 
of all the screws employed, screws of angular and square threads 
will be then compared 

The comparative sections, figs 614 to 617 represent sciews of 
the same diameters, and m all of which the depth of the thread 
xs equal to the width of the groove, figs 615 and 617 show the 
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oidmary proportions of f inch angular and square thread screws, 
614 and 610 are respectively as fine and as coarse again as 615 


Figs 614 615 616 617 



Yanous measures of the sciews which requne little further 
explanation are subjoined m a tabular form, and the relative 
degrees of strength possessed by each sciew under three different 
points of view, aie added 


MEASURES AND RELATIVE STRENGTHS OE THE SCREWS 

Fig 

614 

Fig 

615 

Tig 

61b 

Fig 

617 

External diameters m hundiedths of an inch 

75 

75 

7o 

75 

Internal diameters m hundredths of an inch 

65 

55 

35 

55 

Number of threads per inch or of the screws 

20 

10 

5 

5 

Depths and widths of the threids m hundredths 

05 

10 

20 

10 

Angles of the threads on the external diameteis* 

1 16' 

2 33 

5 5 

5 5 

Angles of the threads on the internal diameters* 

1 28 

3 28 

10 4/ 

6 55 

Rel itivo mechanical powers of the threads 

20 

10 

5 

5 

Relative cohesive strengths of the bolts 

4 

3 

1 

3 

Relative cohesive strengths of hold of the screws 

65 

55 

85 

27i 

Relative cohesive strengths of hold of the nuts 

75 

7o 

75 

37 A 


* The angles of the threads of screws are calculated trigonometrically the 
circumference of the bolt being considered as the base of a right angled triangle 
and the pitch as the height of the same 

The author has adopted the following mode which will be found to require the 
fewest figures namely to divide the pitch by the circumference and to seek the 
pioduct m the table of tangents decimal numbers are to be used and it is 
sufficiently near to consider the circumference as exactly three times the 
diameter 

Tor the external angle of fig 616 say 20—2 25= 0888, and this quotient by 
Huttons tables gives 5 dog 5 mm 

Foi the internal angle of fig 014 say 05 — 1 95 = 0 2564 and by Hutton s Tables 
1 dog 28 mm 

In this method the pitch is considered as the tangent to the angle and the division 
effects the change of the two sides of the given right angled triangle for two otheis 
tho larger of which is 1 or unity, for the convenience of using the tables 
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Square thread screws, have about twice the pitch of angulai 
threads of similar diameters and 617 estimated m the same 
manner as the angular will stand by companson as follows The 
square thread 617 will be found to be equal m power to 616 the 
pitch being alike in each In strength of bolt tobe equal to 615, 
their trans\erse areas being alike And m stiength of hold to 
possess the half of that of 615, because the square thread will 
from necessity bieak through the bottom of the threads or an. 
interrupted line exactly like the dotted line m 616, that denotes 
just half the area or extent of base, of the thread of 615, which 
latter covers the entire surface of the contained cylinder, and 
not the half only 

The mechanical power of the thread , is denved from its pitch 
The powei, or the force of compiession is duectly as the number 
of thre ids pei inch, or as the o ate so that, neglecting the friction 
m both cases, fig 614 giasps with foui times the power of 616, 
because its wedge or angle is foui times as acute 

When however the angle is veiy gient, as m the sciews of 
fly presses which sometimes exceed the obliquity of 45 degrees, 
the sciew will not retain its grasp at all neither will a wedge of 
45 degrees stick fast m a cleft Such coarse screws act by 
impact they give a violent blow on the die from the momentum 
of the fly , (namely, the loaded lever, oi the wheel fixed on the 
press screw,) being suddenly arrested, they do not wedge fast, 
but on the contrary, the reaction upwards, unwinds and raises 
the sciew for the succeeding stroke of the fly press 

Binding screws which are disproportionately coarse, from 
leaning towards this condition, and also from piesentmg less 
siuface friction, are liable to become loosened if exposed to a 
j airing action But when, on the contiaiy, the pitch is veiy 
fine, or the wedge is veiy acute, the surface faction against the 
thread of the screw is such, as occasionally to prevent then 
separation when the screw bolt has lemained long in the hole 
or nut, from the adhesion caused by the thickening of the oil, 
oi by a slight formation of lust 

The cohesive strength of the bolt, is derived from transverse 
section The screw maybe thus compared with a cylindrical rod 
of the same diameter as the bottom of the thread and employed 
m sustaining a load, that is, neglecting torsion, which if m 
excess may twist the screw m two The i dative stiengths are 



IMPORTANCE Or AGREEMENT IN PITCH 


659 


lepresented by the squaies of the smallei diameters m the 
screws of 20, 10, and 5 angulai threads, the smaller diameters 
are 65, 55, and 35, the squaies of these numbers are 4225 3025 
and 1225, which may be expressed in round numbeis as 4, 3,1, 
and therefore the coaisest sciew, 616,has transveisely only one 
fouith the aiea and consequently one fouith the strength of the 
finest, represented m the tlnee diagrams 

The cohesive sti ength of the hold , is dei wed fi om the helical ridge 
of the external sciew , being situated within the helical gioove of 
the internal sn ew Ihe two helices become locked togethei with 
a degiee of firmness approaching to that by means of which the 
different paitides of solid bodies are united into a mass, as one 
or both of the ridges must be m a gieat measure tom off m the 
removal of the screw, unless it be unwound or twisted out 
A slight difference m the diametei or the section of a screw 
and nut, is less objectionable than anj variation m the coarse 
ness or pitch, as the latter difference, even when very minute, 
will prevent the screw from entering the hole, unless the screw 
is made consideiably smaller than it ought to be, and even then it 
will bear very imperfectly, or only on a few places of the nut 
lo attempt to altei a screwed hole by the use of a tap of a 
different pitch, is equally fatal, as will be seen by the annexed 
di igram fig 618 For instance the uppei line a contains exactly 
4 threads per inch, and the middle line oi 5, has 4 \ threads they 
only agree at distant intervals Ihe lowest line c, shows that 
which would result from forcing a tap of 4 threads such as a , 
into a hole which had been previously tapped with the 4] thread 
screw 6, the tlneads would be said to cross, and would nearly 



destroy each othei the same result would of comse occur from 
employing 4 or 5 tin c id dies on a screw of i) threads pci inch 
Ihcreforc, unless the screw tackle cxaetly agree m pitch with 
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the previous thread, it is needful to remove every vestige of the 
former thread from the screw or hole, otherwise the result diawn 
at c must ensue m a degree proportionate to the diffeience of 
the threads, and a large portion of the beaung suiface, and con 
sequently of the strength and the durability of the contact would 
each be lost Some idea may thence be formed of the real and 
nremediable diawback frequently expenenced from the dis 
similarity of screwing apparatus, nearly to agree will not suffice, 
as the pitch should be identical 

The nut of a f inch screw bolt is usually f- inch thick, as it 
is considered that when the thieads aie m good contact, and 
collectively equal to the diameter of the bolt, the mutual hold 
of the threads exceeds the strength either of the bolt or nut 
and theiefore that the bolt is more likely to bieak m two 01 the 
nut to burst open lathei than allow the bolt to diaw out of the 
hole from the thread stripping off 

When screws fit into holes tapped directly into the castings or 
other paits of mechanism, it is usual to allow still more threads 
to be m contact even to the extent of two or moie times the 
diameter of the screw, so as to leave the prepondeiance of 
strength grertly in favour of the hold, that the sciew, which 
is the pait more easily renewed may be nearly ceitam to bieak 
m two, lather than damage the casting by teaung out the thiead 
from the tapped hole 

Should the internal and external sciews be made in the 
same material, that is both of wood, brass 01 iron, the nut or 
internal screw is somewhat the stronger of the two For example, 
m the sciew fig 615, the base of the thread is a continuous 
angulai ridge which occupies the whole of the cylindrical sulfa* e 
rejnesented by the dotted line Therefore the force required 
to strip off the thread from the holt, is neaily that requned to 
punch a cylindrical hole of the same diameter and length as the 
bottom of the thread, fox m either case the whole of the cylm 
dncal surface has to be strrpped or tlnust off laterally, m a 
manner resembling the slow quiet action of the punching or 
shearing engine 

But the base of the thread m the nut is equal to the cylindrical 
surface measuied at the top of the bolt, and consequently, the 
materials being the same, and the length the same, considering 
the strength of the nut for 615 to be 75 the stiength of the bolt 
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would be only 55 or they would be respectively as the diameteis 
of the top and bottom of the tlnead although when the bolt 
piotrudes through the nut the tlnead of the bolt derives a slight 
additional stiength, from the threads situated beyond the nut, 
and which serve as an abutment 

It is however piobxble that the angular thread will not stup 
off at the base of the threads eitliei m the screw or nut, but will 
break through a line somewheie between the top and bottom 
but these lesults will occui alike m all, and will not therefore 
materially altei the relation of strength above assumed 

Companng 614, 61o, and 616, upon the supposition that the 
bolts and nuts exactly fit or correspond, the strengths of thethiee 
nuts are alike, or as 7o and those of the bolts are as 65,55, and 
35 and therefore the advantage of hold lies with the bolt of finest 
thread, as the finer the thread, the more nearly do the bolt and 
nut approach to equality of diameter and strength 

Supposing however, for the purpose of explanation, that 
instead of the screws and nuts being carefully fitted, the screws 
are each one tenth of an inch smaller than the diameters of the 
respective taps employed m cutting the three nuts 614 would 
dzaw entirely out without holding at all the penetiation and 
hold of 615 would be leduced to half its pioper quantity and 
that of 616 to thiee fourths, and the list two sciews would strip 
at a line moie or less elevated above the base of the thread and 
therefore the more easily than if the diameteis exactly agreed 
Ihe supposed error, although monstious and excessive, shows 
that the finer the thread the gieater also should be the accuracy 
of contact of such sciews , and it also shows the impolicy of 
employing fine threads m those situations where they will be 
subjected to frequent screwing and unscrewing, and also to much 
strain As although when they fit equally well, fine threads are 
somewhat more powerful than coarse, m hold as well as m 
mechanical power, the fine are also more subject to wear, and they 
receive from such wear, a gi eater and moie rapid depreciation of 
stiength, than threads of the ordinary degrees of coarseness 
In a screw of the same diameter and pitch, the ultimate 
strength is diminished m a twofold manner by the increase of 
the depth of the thread , first it diminishes the transverse area of 
the holt, which is therefore more disposed to break in two, and 
secondly, it diminishes the individual strength of each thread. 
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which becomes a more lofty tnangle erected on the same base, 
and is theiefoie more exposed to fractuie or to be stupped off 
But the durability of machinery ism nearly even case increased 
b} the enlargement of the beating surfaces and thei efore as the 
thread of mci eased depth pi esents more sui face beaung the deep 
screw has consequently gi eater duiability against the fuction or 
weir, arising from the act of screwing and unscrewing The 
dui ability of the sciew becomes m truth a fouith condition, to 
be borne in mind collectively with those befoie named 

It frequently happens that the diameters of screwed worl s aie 
so consideiable that they can neither break nor biust after the 
manner of bolts and nuts and if such laige woiks yield to the 
pressures applied the thie ids must be the pait sacrificed If the 
materials aie crystalline the thiead crumbles away, but m those 
which aie malleable and ductile, the thiead, instead of stopping 
off as a wire sometimes bends until the resisting side pi esents a 
perpendicular face, then overhangs, and ultimately culls over 
this disposition is al&o shown m the abrasive wear of the screw 
befoie it yields 

Compaong the square with the angular thiead in regard to 
fuction, the square has less friction, because the angulai edges 
of the sciew and nut, mutually thiust themselves into the 
opposed angular grooves m tlie manner of the wedge r llic 
square thiead has also the advantage of presenting a moie direct 
thrust than the angulai because m each case the lesistence is 
at right angles to the side of the thread, and therefore m the 
square thiead the resistance is very neaily m the line of its axis, 
whereas m the angular it is much more oblique 

Fiom these reasons the square thread is commonly selected 
for presses, and for regulitmg screws especially those m which 
rapidity of pitch, combined with stiength is essential but as 
regards the ordinary attachments m machinery the giasp of tlie 
angular thread is more powerful from its pitch being generally 
about as fine again, and as before explained, angular screws and 
nuts are somewhat more easily fitted together 

The force exerted m bursting open a nut depends on the 
angle formed by the sides of the thiead, when the latter is con 
sidered as part of a cone, or as a wedge employed m splitting 
timber For instance, m the square thread screw the thro id 
forms a line at right angles to the axis, and which is dotted in 
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the figure 619 it is not theiefoie a cone, but simply compresses 
the nut, or attempts to force the metal befoie it In the deep 
thread, fig 620, the wedge is obtuse, and exerts much less 


Figs 619 620 621 



buistmg effort than the acute cone represented m the shallow 
thread screw fig 621, therefore the shallower the angular 
thiead, the moie acute the cone, and the greater the strain it 
throws upon the nut The transveise measure of nuts, whether 
they are square or hexagonal, is usually about twice the diameter 
of the bolt, as represented m the figures, and this m gcneial 
suffices to withstand the bursting effort of the bolt * 

Those nuts however, which aie not used for grasping but 
for the regulating sciews of slides and general machinery, are 
made much thicker, so as to occupy as much of the length of 
the screw as two, tlnce, or more times its diameter, this greatly 
increases their surface contact, and durability 

Should it be required to be able to compensate the nut, or to 
re adapt it to the lessened size of the screw when both have 
been worn, the nut is made m two parts and compressed by 
screws, oi it is made elastic, so as to press upon the screw The 
nuts for angular threads are divided diametric ally, and le-umtcd 
by two or more sciews, as m fig 622, m fact, like the sum 
circular bearings of ordinary shafts, as then, by filing a little of 
the metal away from between the two halves of the nut, they 
may he closed upon the angular nclges of the thread 

The nuts of square threads, by a sxmiliar treatment, would, on 
being closed fit accurately upon the outer or cylindrical surface 
of the squaie thread screw, hut the lateral contact would not he 
restored, these nuts are therefore divided transversely, as shown 


* In the table of the dimensions of nuts m Templeton s 1 ngmeer s Pocket 
Compimon the tiansyerso measures decreaso m the larger nuts the breadth of 
the nut for a h inch bolt is stated as 1 inch that for a 2J moh bolt as 4 inches 
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m fig 62S or they are made as two detached nuts placed m 
contact When therefore a small quantity is removed from 
between them with a file, or they are separated by one or more 
thicknesses of paper, the one half of the nut beais on the right 
hand side of the square worm the other on the left 

Either of these methods removes the ‘ end flay, or the “ loss 
of time by which expression is meant that partial revolution 
to and fro, which may be given to a worn sciew without pro 
ducmg any movement 01 traverse m the slide upon which the 
screw acts It is usual before cutting the nuts m the lathe or 
with screw taps to divide the nuts, and to le unite them with 
soft solder, or it is better to hold them together with the peima 
nent screws whilst cutting the thread 

But the screws of slides are very apt to become most worn in 
the middle of their length, 01 at the one end, leaving the other 
parts neaily of their original size it is then best to replace 



them by new screws, as the former method of adjusting the 
nuts cannot be used although recourse may occasionally be 
had to some of the various methods of syringing, or the elastic 
contilvances commonly employed m delicate mathematical and 
astronomical instruments Although these should be perfectly 
free from shake or uncertainty of motion, they do not m general 
lequire the film, massive, unyielding stiuctuie of engineering 
works and machinery 

Two kinds of the elastic nuts alone are shown, m fig 624 the 
saw cut extends throughout the length of the nut but sometimes 
a portion m the middle is left uncut, the nut is usually a little 
set m, or bent inwards with the hammer, so as to press upon the 
sciew In fig 625, the two pieces a and b bear against opposite 
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sides of the thread, and b only is fixed to the slide as in fig 623, 
the collection is now accomplished by interposing loosely aiound 
the sciew, and between the hahes of the nut, a spual spung 
sufficiently stiong to overcome the fuction of the slide upon the 
fittings, the same contiivmce is variously modified, sometimes 
two 01 foui spual spnngs are placed in cavities paiallel with the 
sciew 

The slide lesists firmly any pi essure fiom a to b, as the fixed 
half of the nut lies fit mly against the side of the tlnead piesented 
m that duection but the piessuie from b to a is sustained alone 
by the spual spung, when theiefoie the piessuie exceeds the 
stiength of the spring the slide nevertheless moves endwiys to 
the extent of the misfit in the piece b, and which, but foi the 
spung, would allow the slide to shake endways In absolute 
effect the contuvancc is equivalent to a single nut such as b 
alone which although possessing end play, if pulled towards b 
by a string and weight, would always keep m contact with the 
one side of the worm, unless the resistance were sufficient to 
r use the weight The method is theiefoie only suited to works 
requiring delicacy lather than strength, and the spring if 
excessively stiong would constantly wcai the two lnlves of the 
nut with injudicious fuction and haste 


The seveial threads lepicsentcd in figs G2G to G38 may bo 
consideied to be depaitmes fiom the angul u tlnead fig C ’0 and 
the square tlnead fig 035, which ait by fn the most common 
I he choice of section is collectively go\cuicd hnst, by the 
facility of construction, in which the plain angular thread excels 
Secondly, by the best resistance to strain, which is obtained m 
the square tlnead Thndly, by the near equality of stiength m 
the internal and external sciew Foi similar materials the space 
and thread should be symmetrical, as in the squaie tlnead ancl 
m figs 626 to 630, which screws aie piopei foi metal woiks 
gcneially, wheieas m dissimilar materials the harder of the two 
should have the slightei thread, as m the irou sciews figs Oil 
to 6 34, intended to be screwed into wood the substance ol the 
sciew is supposed to he below the line, and the head to the light 
hand Fourtlily by the resistance to accidental \ loleneo oil In i 
to the sciews, oi to the screwing tools, which is best obtained by 
the i ejection of sh up angles oi telges as in the scuial louudccl 

x x 
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ANGULAR THREAD 


yvwwwwv 


628 


M/VVWWW 


«• /vwwvww 


threads This fourfold choice of section, like eveiy other feature 
of the screw, is also mainly determined by expenence alone 
Tig 626, m which the angle is about 60 degiees, is used for 
most of the sciews made m wood whether m the screw box or 

the turning lathe and also 

Sections derived from tlie for a y0 r y laige proportion 

of the screw bolts of ordinal y 
mechanism Sometimes the 
points of the screw tool mea 
suieneaily 90 degiees asm 
the shallow thiead fig 627, 
used for the thin tubes of 
telescopes or at other times 
they only measure 45 de 
giees as m the very deep 
thread, 628, used for some 
mathematical and other m 
struments, the angles lepie 
sented may be considered as 
nearly the extremes 

In originating accurate 
screws, the angular thread is 
always selected, because the 
figure of the thread is still 
maintained, whether the tool 
cut on one or on both sides 
of the thiead, m the couise 
of the coirectional process 
Tig 629 is the angular 
thread m which the ridges 
are more oi less truncated, 
to increase the stiength of 
the bolt, it may be viewed 
as a compound of the squaie 
and angular thread 

Tig 630 is the angular 
thread mwhich the tops and bottoms are rounded, it ismuchused 
m engineering woiks, and is frequently called a round thiead * 
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* 8ee foot note on p 070 
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In 631 the thread is more acute, and tiuncated only at the 
bottom of the sciew this is used foi joinery work, and gieatly 
meieases the hold upoi fhewood 632 is obviously derived fiom 
031, and is used foi the same puipose 
In 633 which is also a screw for wood the face that sustains 
the hold is lectangulai as in the squaie tlnead the other is 
bevelled Fig 631 is the form of the pitent wood sciew some 
times called the Geiman sciew , it is hollowed to tlnow the 
advantage of bulk m favoui of the softei matenal oi the wood 
the head of which is supposed to be on the light hand In the 
last four figuies, the substance of the screw is imagined to be 
situated below the line and that of the wood above 

Ihe screws which aie mseited into wood are generally made 
taper, and not cjlindrical m order that thej may cut their own 
nut or internal thiead, some of them are pointed so as topene 
trate without any pievious hole being made they merely thrust 
the fibres of wood on one side Screws hold the most stiongly m 
wood when mseited horizontally as compared with the position 
m which the tiee grew, and least strongly m the vei tical position 
Fig 035 lepiesents the oidmaiy squaie thiead sciew, the 
space and tine id aie mostly of equal width, and the depth is 
eithei equal to the width, or a tnfle more say one sixth 

Fig 030 is a depaitme fiom 63o and has been made for 
piesses and 017 has obviously giown out of the last from the 
oblitei ahon of the angles various pioportions intermediate 
between 037 and 010 are used foi round threads 

In some cases wheie the sciew is requned to be rapid one 
single shallow groove is made of angular, square, or circular sec 
tion, leavingmuch of theongmal cylinder standing asmfig 638 
I or very slight purposes, a pm only is fitted to the gioove, to 
seive as the nut should the lesistancebe greater many pins oi 
a comb may be employed, and this was the earliest form of nut, 
otherwise a screwed nut may be used with a single thread But 
when the gieatest lesistance is required, the surface bearing of 
the nut is extended, by making the tlnead, double triple, &c by 
cutting one or moie intermediate grooves and a counterpart nut 
Ihe nuts or boxes of very coarse sciews foi pi esses are now 
mostly cut in the lathe, although avhen the screwing tools 
were less peifcctly understood the nuts weie frequently cast 
Sometimes lead, or alloys of snnilir fusibility, weie poured in 

x x 2 
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betwixt the sciew and the framework of the machinery (see 
note, p 298, also 822 8, vol 1) but for nuts of brass and gun 
metah sand moulds were formed The screw was always 
wanned, to avoid chilling the metal and for brass it was some 
times heated to redness and allowed to cool, so as slightly to 
oxidize the suiface, and lessen the disposition to a union or 
natural soldenng of the sciew and nut It was commonly 
necessaiy to stretch the biass by an external hammering to 
counteract the shrinkage of the metal m the act of cooling, and 
to assist m releasing from the sciew the nut cast upon it m 
this manner The mode is by no means desirable, as the sciew 
is exposed to being bent fiom the rough treatment, and to being 
ground by particles of sand adhering to the biass 

I he tangent screws used foi screw wheels, have mostly angulai 
oi truncated angulai threads, fig 629, as sciews absolutely sqnue 
cannot be fitted with good contact and freedom from shake 
between the thread and teeth, and probably the same mles by 
which the teeth of ordinaly wheels and racks are recipiocally 
set out, should be also applied to the delineation of the teeth of 
woim wheels, and thethrexds oi teeth of their appropriate screws 
Tangent screws aie occasionally double, triple, or quadruple, 
m Older that 2, 3 or 4 teeth of the wheel may be moved during 
each i evolution of the screw In the Piedmont silk mills this 
principle is carried to theextieme, as the screw and wheel become 
alike, and revolve turn for turn, the teeth supposing them to be 
20, aie then identical with those of a 20 thread sciew, the angular 
coils of which cross the axis at the angle of 45°, that is when 
the shafts lie at light angles to each other, othei pioportions 
and angles may be adopted In reality they fulfil the office of 
bevel wheels, or lather of skew bevel wheels, in which latter also 
the axes, fiom being m different planes, may cross each othei 
so that the skev-bevel wheels may be m the center of long 
shafts, but winch cannot be the case m oidmaiy bevel wheels, 
the teeth of which lie m the same plane as the axis of the wheel 
The Piedmont wheels act with a veiy reduced extent of beamig 
or contact surface, and a considerable amount of the sliding 
action of screws, which is disadvantageous in the teeth of wheels, 
although in sepai able fromall those with inclined teeth,and which 
are indeed more or less distant modifications of the screw * 

* When the obliquity of the teeth of worm wheels is small, it gives i very 
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Having treated somewhat m detail the different forms of 
screws and the circumstances which adapt them to their several 
purposes I have now to consider some of the inconveniences 
which have una\oidably arisen from the indefinite choice of 
pioportions in ordinary screws, and also some of the means that 
have been pioposed for their correction I he slight discussion 
of the more impoitant of these topics will permit the mtroduc 
tion of vanous additional points of mfoimation on this almost 
inexhaustible subject, the screw 

No inconvenience is felt from the dissimilarities of screws, so 
long as the same screwing tools aie always employed m effecting 
repairs m, or additions to the same works But when it is 
consideied how small a difference m either of the measuies 
will max the correspondence of the screw and nut, and further 
the very arbitiary and accidental manner, m which the piopor 
tions of screwing apparatus have been determined by a variety 
of individuals to suit their particular wants, and without any 
attempt at uniformity of practice (sometimes on the conti uy 
with an express desne to be peculiai) it is peihaps some matter 
of suipnse when the sciews made m diffeient establishments 
piopeily agree Indeed the agieement can he haidly expected, 
unless tliev are denved from the same source, and that some 
considerable pains are txken not to depait fiom the lespective 
propoitions fust adopted 

In a few isolated cases this inconvenience has been paitially 
remedied by common consent and adoption, as in the so called 
an pump tbead, which is pretty geneially used by the makers 
of pneumatic appaiatus , and to a certain degiee also m some 
of the sciews used in gas fittings and m gun woik But the 
non existence of any common standaid or scale, enhances both 
the delay and expense of lepairs m general mechanism, and leads 
to the occasional necessity for making additional si/es of tools to 
match particulai works, however extensive the supply of screw 
appai atus 

ibis perplexity is felt m a degree especial!} seveie and costlj, 
as regards marine and locomotive engines, which from necessity, 
have to be lepaned m localities far distant fiom those m which 
they wue made and therefore require that the packet station 

smooth action but at tho expense of friction but m oidmaiy toothed wheels the 
ti otli are exactly squaio acioss or in the plane of the axis and tho aim is to employ 
rolling tout ict with tho greatest possible excl usion of sliding fi om amongst the teeth 
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or railway depot, should contain sets of screwing tackle, cones 
ponding with those used by every diffeient m inufecturer whose 
works have to be dealt with otheiwise both the delay and 
expense are from necessity aggravated 

Mr Wlutwoith has suggested that for steam imchmeiy and 
for the puiposes of engmeeung m general “ an umtoini system 
of sciew tlneads should be adopted, and after having used 
some prioi scales he has proposed the following table, which 
may be justly considered as a mean between the difleient kinds 
of threads used by the leading engmeeis 


Mi Whitworth s Table f 01 Angular Thread Screws * 


Diameters m inches 

i 

i 

a 

JL 

10 

£ 

8' 

3 

3 

1 

n 

0 

n 

1' 

n 

i 4 

u 

2 

Nos of threads to the inch 

20 

18 

16 

14 

12 

11 

10 

9 

b 

7 

7 

6 

6 

5 

5 

H 

n 

Diameters in inches 

2i 

24 

O'} 

3 

n 

3 1 

3] 

4 

4I 1 

41 

13 

5 

a 

A 




Nos of threads to the inch 

4 

_ 

4 

34 

31 

31 

*1 

3 

3 

n 

2 3 

33 

9 3 

2 8 

4 

a 

if! 



As reguds the smaller mechanism madepimcipally m brass 
and steel, such as ma hematical instruments and many otlius, 


* In selecting this scale the following judicious course was adopted — An 
extensive collection was made of screw bolts from the piinci); al workshops 
throughout Fngland and the average thread was carefully observed for dif 
ferent diameters The j inch i inch 1 and 1J inch weie partiouliily selected 
and taken as the fixed points of a scale by which the intermediate sizes weie 
regulated avoiding small fractional parts m the number ol threads to the inch 
The scale was afterwards extended to 6 inches The pitches thus obtained for 
angular threads were as above 

Above the diameter of 1 mch the same pitch is used for two si/ses to avoid 
small fractional parts The proportion between the pitch and the diameter varu s 
throughout the entire scale 

Thus the pitch of the \ inch screw is th of the diameter that of tho \ moh 
^th of the 1 inch £th of the 4 inches -th and of the 6 inches th 

The depth cf the thread m the vanrus specimens is then illudid to In tins 
respect the variation was greater than m the pitch I lie ingle mule by the sides 
ot the thread being tiken as an expression foi tho depth the m< an of the angle m 
1 inch sciews was found to be about 55 which w is also nexrly the mean m screws 
of dirieient dnmeters Hence it wis adopted throughout tho scale and a constant 
proportion was thus established between the depth md the pitch of the thread In 
calculating the former a deduction must be made for the quantity i oundi d ofl, 
amounting to *rd of the whole depth %c £tli hom the top and £th fiom the 
bottom of the thread Making this deduction the ingle of 5 r > gives foi the actual 
depth rather more than Hhs and less than ^uls of the pitch Quotid fnm the 
Abstract of Mi Whitworths Paper given m the Proceedings of the Institution oj 
Cud Engineers 1841 p 15< 160 The cntu e paper is also pi uikd stparatch/ 
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tlie sciews m the above scale below half an inch diameter are 
admitted to be too coai se, and the acute angular threads which 
aie not rounded, are decidedly to be pieferred fiom their greater 
delicacy and durability, that is when their strengths are propor 
tioned to the resistance to which they are exposed In these 
lespects the following table may be considered prefeiable 


Table foi Small Sc j cws of Fine Angular Threads * 


Diameters m vulgar fractions of the mch 

i 

r 

f, 

3 

i 

\ 

"tr 

i 

i 

T 

1 

Diameters m hundths of the inch neaily 

50 

47 

44 

41 

3/ 

34 

31 

28 

25 

22 

20 

Number of threads to the inch 

16 

18 

18 

20 

20 

04 

24 

28 

2 b 

32 

36 

Diameters in hundredths of the mch 

18 

16 

14 

12 

1 ( 

09 

08 

07 

06 

05 

04 

Number of threads to the mch 

36 

4C 

40 

4 

_J 

48 

56 

56 

64j 

72 

80 

100 


* This table was arranged by Mr Chidson, of Liverpool, who made first a set 
of coaise angular thread taps from £ to 1 inch agreeably to the terms of Mr 
Whitworths table giving to the screw tool the angle of 55 degrees and also a 
set of square thread taps of the same diameters and as usual of twice the pitch 
1 his led Mr Chidson to set out and construct a series of finer and deeper threads 
from 1 inch to 14 hundredths diameter agreeably to the arrangement in the 
second table and with sciew tools of the angle of 45 do D rees 

I have great pleasuie m stating my individual opinion of the suitability of the 
table to its intended purpose and on comparing the screws with those of similar 
dnmeteis used by Holt/apftel and Co I found about one thiul to be nearly 
identical m pitch one third to be slightly co xrser and the others slightly finer 
As legards the workmanship of these taps made by Mr Chidson foi his own use 
and piincipally with his own hands by means of the change wheels and single 
point tools it gives me great pleasure to report most favouiably 

I he tables above given and which have been <t dotted and not calculated will 
serve to explain the inapplicability of the mode of calculation proposed m various 
popular works namely for angular thread screws to divide the di ameter by 8 
foi the pitch when it is said such screws will all possess the angle of degrees 
neatly and for square threads to divide by 4 thus giving an angle of 7 degrees 
nearly therefore 

Angular thread screws of 8 64 21 J £ inches diameter 

would have pitches of 1 } J j | fa niches rise 

oi rates of 11^2 4816 32 threads pei mob 

which differ greatly fiom 2 ^ 3 4£ 8 12 20 Whitworths observational numbcis 

By the use of the constant divisor 8 the one inch sci ew agrees with Whitworth s 
table the cxti ernes are lespectivcly too coarse and too fine as mstt ad of 8 being 
employed the actual divisors vary fiom about 5 to 16 and theiefoie a theoretical 
mode would piobably lequnc a logarithmic scheme But woio this followed out 
with care the adjustment of the fiactional threads so obtuued for those of whole 
numbeiB would completely invalidate the piecision of the rule and the result 
woul 1 not be m any i espeet bcltu than when adj listed oxpoi iment ally as at present 
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There is little doubt that if we could entirely recommence the 
labouis of the mechanist or if we could sweep away all the screw 
mg tools now m use, and also all the existing engines machines, 
tools, instruments, and other works, which have beenm pait made 
thiough their agency these proposed scales or otheis not greatly 
differing from them (as the choice is m great measure arbitrary), 
would be found of great general advantage the former for the 
luger, the latter forthesmallei works But until all these mynads 
of objects aielaid on one side, or that repairs aie no longer wanted 
m them the old tools must from absolute necessity be retained, 
m addition to those proposed m these or any other schemes It 
would be of course highly judicious m new manuficturmg esta 
blishments to adopt such conventional scales, as they would to 
that extent promote this desirable but almost impiacticable end, 
namely that of unity of system but which although highly 
fascinating and apparently tenable is sunounded by so many 
interferences, that it may perhaps be considered both as needless 
and hopeless to attempt to carry it out to the full or to make 
the system absolutely universal and some of the cncumstances 
which affect the proposition will be now briefly given 

Fust agreement with standard measure althovghconvenient 
is not indispensable It may be truly obseived, that as regards 
the geneial usefulness of a screw such as 615 which was sup 
posed to measure | inch diametei and to have 10 threads per 
inch, it is nearly lmmateiial whether the diametei be three or 
tour hundredths of an inch largei or smaller than f of an inch , 
oi whether it have 9, 9 T V 9| ID}, oi 11, tlneads per inch, ox 
my fi actional number between these or whether the thread 
be a trifle more or less acute, or that it be slightly truncated or 
lounded so long as the threads m the sciew and nut aic but 
truly helicil and alike in Older that the threads mutually bear 
upon each other at every pait that is, as regards the simple 
purpose of the binding sciew or bolt, namely, the holding of 
separate parts m firm contact And as the same may be said 
of every sciew namely, that a small vanxtion m diameter or 
pitch is commonly immaterial it follows that the good office of 
a sciew does not depend on its having any assigned relation to 
the standard meisuie of this or airy othei countiy 

Secondly, I he change of system would cause an inconvenient 
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increase m the number of screwing tools used —Great numbers 
of excellent and useful screws, of accidental measures, have been 
made by various mechanicians, and the author hopes to be 
excused for citing the example with which he is most familiar 
Between the years 179d—1800 the author’s father made a 
few vaneties of taps, dies hobs, and screw tools after the modes 
explained at pages 635 and 636 , these vaneties of pitch were 
ultimately extended to twelve lands of each of which was formed 
a deep and shallow hob or screw tool cuttei These when 
measuied many years atterwaids, weie found neaily to possess 
m each inch of their length, the threads and decimal parts that 
are expiessed in the following table 


Approximate Values of I I Holtzapjfel s Original So ew Threads 


Number 

1 1 2 

8 

4 

5 

6 

oo 

9 

10 

11 

12 

Threads ml inch 

6 58 8 25 

9 45 

13 09 

16 5 

19 89 

22 12 25 71 

28 88 

3610 

39 83 

5511 


The angle of the c leep threads is about 50 degrees of the shalloio 60 degrees 


This irregularity of pitch would not have occurred had the 
sciew lathe with change wheels been then m use but such was 
not the case Foi a long series of years I T Holtzapffcl (m 
conjunction with his partnei, I G Dejeilem from 1804 to 
18-27) made as occasion required, a laige or a small screw a 
coaise or fine, a shallow or deep tlnead, and so foith By 
which accumul itive mode, then series of working taps and dies, 
together with screw tools, gages, chucks earners, and a vanety 
of subordinate apparatus, became extended to not less than one 
hundred varieties of all kinds 

About one third of these sizes have been constantly used, up 
to the present time, both b) H & Co , and by other persons to 
whom copies of these screw tackles ha\e been supplied, and 
consequently many thousands of screws of these lands have 
been made this implies the continual necessity for repaiis and 
alterations in old works, which can only be accomplished by 
retaining the original sizes 

Since the period at which H & Co made their screw lathe, 
the) have employed the aliquot threads for all sciews above half 
an inch indeed, most of these have also been cut in the screw 
lathe To have introduced the same method m the small bind 
mg sciews which aie not made m the screw lathe, but with the 
die stocks and chasing tools, would have doubled the number of 




G74 AGIU EMENT OF SCREWS WITH STANDARD MEASURES, 

then working sciew tackle, and the attendant appaiatus with 
the usk of confusion from the increased number, but without 
commensurate advantage as legards the pmposes to which they 
aie applied 

Doubtless the same reasons have opeiated m numeious other 
factories, as the long existence of good useful tools has often 
lessened if not mnulled, the advantage to be denved fiom a 
change which lefeis moie immediately to engineeinig works, 
and in which a paitial lemedy is supplied, as steam engines, &c 
aie frequently accompanied with spaie bolts and nuts, and ilso 
with corresponding sciew appaiatus to be employedmrepans, 
the additional cost of sucli puts being msigmficmt, compared 
with the value of the machinery itself 

llmdly Unless the standard sizes of scieivs become mconve 
nunthj numeious , many useful kinds must be omitted, 01 tieatcd 
as exceptions For instance, m oidmaxy binding screws more 
puticulaily in the smallei sizes, two if not thiee degiees of 
coaiseness should exist for every diameter and winch might be 
denominated the coaise, medium, and fine senes, and again, 
p uticnlar circumstances requne that tlneads should be of 
shallow or of deep angular sections, 01 that the threads should 
be lounded square or of some other kinds, m tins way alone, 
a fitness for all conditions would inconveniently augment the 
number of the standards 

In many cases besides screws of sevenal diameters aie made 
of the one pitch In oidei for exunple that the hole when 
worn may be tapped afiesli, and fitted with sciews of the same 
pitch or thread but a tnfle larger * 01 that a paitially worn 
sciew may be conected with the dies 01 m the lathe and fitted 
with a smaller nut of the same pitch A succession of taps of 
the same pitch also leadily permits a laigei sciew to be employed, 
when that of smallei diameter has been found to break, eithei 
fiom an eiroi of judgment m the first construction of the 
machine, or fiom its being accidentally submitted to a strain 
gieater than it was intended ever to bcu | 

* This is done m some of the patent screws foi joinery woik so that when 
the thread in the wood is deteriorated from the frequent removal of the sciew 
another of the same pitch but huger diameter may be substituted 

h Mr Clement has screw taps of | J11J1J1|1 V&o inch diameter and 
all of seven threads per inch Holtzapffel and Co have taps &c for screws of ten 
tlneads per inch of fifteen different kinds which are used for slides and adjust 
meats besides less extensive repetitions of other threads 
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It is also m some cases requisite to have right and left hand 
sciews of the same pitch, that amongst other puiposes they 
may effect simultaneous 3 et opposite adjustments m machinery, 
as 111 some umveisal chucks and also some few sciews, the 
thieads of which are double tuple, quadiuple, and sofoith, for 
giving to sci ews of small di unetei s c onsid ei able 1 apiclity of pitch 
or tiaverse, 01 a fixed latio to oilier smews associated with them, 
m the same piece of mechanism 

Fouitlily Friction pi events the stnet maintenance of standard 
gages for screws The universality of system, to be peifect, should 
admit that a bolt made this }ear m London, should agiee with 
a nut made ten or fifty yeais hencem Manchester, which is not 
called for, nor perhaps possible, if an absolute fit be lequned 
in lefeience to this we must commence by a small digression 
In companng the Exchequer Standard Yard Measure with 
the copies made from it, fuction m no way interferes, as the two 
measuies aie successively observed tlnough two fixed micio 
scopes, as befoie adverted to But we cannot thus measuie a 
cjlmder, as either callipeis or a counteipait cylinder placed %n 
contact , must be employed as the test md each time of tnal 
the cylinder is absolutely, although veiy slightly worn by the 
travel se of the sui faces against each other the foim of the 
cjlmdiical gage being simple, to increase its duiability, it is 
woiked to the figme after having been haidened 

In measuimg a sciew, the callipeis aie insufficient and the 
one sciew must be sciewed into the other from this trial much 
moie motion, faction, and abiasion arise luithei, the sciew 
gage cannot fiom its complex foim be ieadil> figured altei the 
matenal has been hardened , and if hardened subsequently to 
the helical foim having been given, the measuie becomes in 
some degree, alteied, fiom the action of the file and watei, 
which is a fatal objection 

Under ordmarj and propei management, the production of a 
numbei of sinnlu pieces may be obtained with sufficient exacti 
tiule, b} giving to the tool some constant condition B 01 example, 
a bundled nuts tapped with the same tap will be vei) nearly 
alike m tin lr thread and a hundred sciews passed through the 
hole of a screw plate, will smnluly agree m si/e, bee msi of the 
nearly constant dimensions of the tools, for a moderate period 
In piactice, the same relative constancy is given to the dies 
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of die stocks and bolt screwing engines, and partly so to the 
tools of the screw cutting lathe Sometimes the pressure or 
adjusting screw has graduations or a miciometer and numeious 
contrivances of eccentrics, cams, and stops aie employed to 
effect the puipose of bringing the die or turning tool to one 
constant position for each succeeding screw these matters are 
too varied and general to requne more minute notice Part of 
such modes may seive sufficiently well for ten, or a hundred 
sciews provided that no accident occur to the tool but if it 
were attempted to extend this mode to a thousand, 01 a hundred 
thousand pieces the same tool could not, even without accident, 
endure the trial it would have become not only unfit for 
cutting, but also so fai worn away as to leave the last of the 
works matenally laiger than the first 

In lespect to screws the instrument, the size of which claims 
the most importance, is perhaps the plug tap or that which 
removes the last portion of the material, and therefore deter 
mines the diameter of the internal thread but as the tap is 
continually, although slowly weaung smaller, the first and last 
nut made with it unavoidably differ a little m size It is on 
account of the wearing of the tap, amongst other cncumstances, 
that when sciews and nuts are made m large numbeis, and are 
required to be capable of being interchanged, it becomes needful 
to make a small allowance for error, or to make the sciews a 
tnfle smaller than the nuts 

In older to retain the sizes of the taps used by Holtz apffel& Co 
they some years ago made a set of original tips 
exactly of the size of the proposed sciews, and to 
be called A, these, when two or three times 
used to rub off the buirs where emplojedfor 
cutting legulatmg dies B of the foim of fig 630, 
with two shouldeis, so that the dies could be 
absolutel} closed, and yet leave a space foi the 
shavings 01 cuttings In making all their plug 
taps they aie fiist prepared with the oidmaiy 
shop tools until the taps are so neaily com 
pleted, that, grasped between the regulating dies B, the latter 
close within the foitietli 01 fiftieth of an inch, therefore leaving 
the dies B next to nothing to perform m the way of cutting 
but only the office of leguhiting the diameter of the woiking 


Fig 639 
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plug taps Should the dies B meet with any accident, the taps 
A, which have to this stage been only used for one pair of 
regulating dies exist for making repetitions of B 1 his method 
has been found to fulfil its intended pm pose very effectually for 
several years, but at the same time it is not pioposed to apply 
this or any other system universally 

In conclusion, it may be said that by far the most important 
argument m favour of the adoption of screws of aliquot pitches 
applies to steam machinery and similar large works, and that, 
principally, because it brings all such sciews within the piovince 
of the sci ew lathe with change wheels which has become, in 
engineering establishments and some others, a very general tool 
This valuable tool alone, renders each engineer ina great measure 
independent of his neighbour, as screws of 2, 2J 2j, 3, 10, or 
20 threads m the inch, are readily measured with the common 
rule, and copied with the screw wheels, and a single pointed tool, 
or an oidmary comb or chasing tool with many points 

And therefore, with the modern facility of woik were engineers 
severally to make their screw tackle fiom only the written mea 
suies of any conventional table, they would be at once abundantly 
within reach of the adjustment of the tools and that without any 
standard gages, the stnct introduction of which would almost 
demand that all the tools made m uniformity with them should 
emanate from one center, or be submitted to some office for 
inspection and sanction,—and this would be indeed to buy the 
occasional advantage at too dear a rate 

It must, however, be unhesitatingly granted, that the argu 
ment applies but little, if at all, to a variety of screws winch from 
their smaller size are not made m the scipw lathe, but with die 
stocks and the hand chasing tools only, and which aic emploj ed 
in branches of art that may be considered as almost isolated 
from one another, and therefore not to requne uniformity 
For instance, the makeis of astionomical, mathematical, and 
philosophical instruments, of clocks and watches, of guns, of locks 
and ironmongery, of lamps, and gas appaiatus, and a multitude 
of othei woiks, possess, in each case an amount of skill which 
applies specifically to these several occupations, so that unless 
the works made by each aie letumed to the absolute makeis for 
repaiation, they aie at an} late sent to an mdmdual engaged m 
the same lmc of business 
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Under these circumstances it is obvious that the gunmikeis, 
watchmakeis, and otheis would derive little 01 no id\antage iiom 
one system of threads pi evading tlnoughout all their tiades, 
m many of which, as before noticed paitial svstems respec 
tively adapted to them alieady exist The meais employed 
by the generality of artizans m m itching stiange tlneads aie in 
addition entnely independent of the screw lathe and apply 
equally well to all thieads whethei of iliquot meisuies 01 not 
as it is usual to eonveit one of the given sciews it it be of steel, 
into a tap, or otherwise to file a sciew tool to the sime pitch by 
hand wheiewith to stuke the thread of the sciew 01 tin, md 
when seveial sciews are wanted a pair of dies is expressly made 
But at the same time that, from these manifold consideiations, 
it appears to be quite unnecessaiy to mtcifcie with so many 
existing arrangements and interests it must be fieely admitted 
that advantage would ultimately accrue from making all new 
screws of aliquot measures , and which, by giadually supeisedmg 
the old nregulai thieads, would tend eventually although slowly, 
to mtioduce a moie defined and systematic anangement m 
screw tackle, and also to improve then genei il cliaiactei 


The author has now concluded the various remarks he pro 
looses to offer on the formation of the sciew foi the genual 
purposes of mechanism on the modes puisued by \aiious 
celebrated mechanicians for its improvement and on vaiious 
practical considerations which influence the choice of sciews 
but he is desnous buefly to advert to some few peculiai intei- 
estmg and piactical methods of producing this important 
element of consti action 

The thieads of wiought iron sciews hive been foiged whilst 
red hot between top and bottom swage tools having helicil 
surfaces like those of screw dies sciews have been twisted 
whilst red hot out of lectangulai bais, by means of the tail vice 
and hook wiench , as in making screw augers Screws intended 
for ordinaly vices, have been compressed whilst cold, somewhat 
as with die stocks, the lever is m tins case very long, and the die 
is a squaie block of haidened steel with an internal square 
thread sciew, left smooth or without notches The thread is 
paitly indented and pully squeezed up, the diametei of the 
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iron cylinder being less than that of the finished screw this 
action severely tests the iron * 

A patent was taken out in 1839 by Mr Wilks for making 
both the boxes and sciews of tail vices and presses in malleable 
cast iron The pecnlianties m the moulding processes aie that 
the core foi the hollow woim 01 box, is made in a biass core box, 
divided longitudmallyinto tlnee paits, which aiefilled sepaiately, 
and closed togetliei with a stick of wood in the centei to stiffen 
the coie and seive foi the coie punt The coi e box is then con 
nected by rings like the hoops of a cask this completes the coie, 
which is lemoved, clued, and inserted in a mould made fiom a 
model of the exterior of the box constructed as usual 

In moulding the solid screw, the moulding fl isk is a tube with 
a cap having an internal thread, exactly like that of the sciew, 
the tube is failed with sand, and a plain wooden rod, neaily equal 
m diameter to the axis of the screw, is thrust m the sand to 
form a cavity The screwed cap is then attached to the flask, 
and a biass sciew ex ictly like th xt to be cast, is guided into the 
sand by means of the screw cap, and taps a tlnead in the sand 
mould very accurately I he screw cap is then removed and the 
second pait of the flask m which the head of the vice sciew has 
been moulded, is fitted on, and the sciew is poured 

Aftei having been cast, the screws and boxes aie lendeied 
malleable in the usual way except that they aie placed vertically, 
in geneial the box is slightly connected with a screw tap 
Large quantities of sciews have been produced by Mr Wanen s 
patent piocess foi manufacturing screws of malleable east iron 
foi joineiy woik a most ingenious plan is employed therein for 
winding the models into and out of the solid sand mould, which 
is thereby made beautifully smooth and accurate Aftei the last 
description the general method will be readily understood, if it 
be considered that the first side of an ordinal y flask is rammed 
full of sand on an iron plate having conical projections like the 
heads of sci ews, m regular lines half an inch asunder, and 1 ibs to 
foi m the channels by which the metal is to be admitted The 
flask when filled is placed in a machine, beneath a plate of metal 


* Applied by the Wn^lifcs Vice nnkois of I Soo Technological 

Repository, vol vi p 289 X 01 the modo of soldering the thread m the box or the 
hollow hcu w o( th< viu H( o tlu «amc papu uid also vol i p 443 of thin woik 
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with, screwed holes also half ail inch asunder and each fitted 
with a pattern screw, teimmating above in a crank like a winch 
handle say of i inch radius 

Any of these screws on being turned by its crank with the 
fingers, would pierce the sand as m Wilks s process but by em 
ploying a cmnk plate pierced with a like number of holes to 
receive the pins of all the cranks the whole of the sciew models 
are twi&ted m at once, and removed with the same ficility 

The notches of the screws are cut by a cncular saw, if large 
they may be moulded Ihe cast iron sciews are subsequently 
rendered malleable, by the decaibonizmg piocess descubed m 
the foimer volume, pages 259 260 * 

Mi Peikms s patent cast iron water pipes, with screw joints, 
may be consideied as another example The patent pipes aie 
connected with right and left hand screws and loose sockets, 
which draw the ends of the pipes into contact, 01 lathei against 
a thick gi eased pasteboard washer intei posed between them 
Ihe pipes aie made entirely by foundry woik, and from patterns 
and core boxes divided m halves m the ordinaly mannei 
Mr Peikms sajs that although the patent pipes possess sever al 
advantages over ordinary cast non pipes with the spigot and 
faucet joint, they aie produced at the same puce, and save much 
ultimate expense in fixing t 

In Mr Scott s subsequent patent for joining cast non and 
other pipes for various fluids, the method commonly known is 
the f union joint J is employed and which ofleis addition il 
facility m the removal of one pipe from the midst of a senes 
Each pipe has at one end a piojectmg external serew, and at 
the other a piojectmg fillet or flange the socket is cast loosely 
around the pipe, but is prevented from being removed 01 lost by 
the projections at each end of the same The inside sciew of the 
socket cast upon the first pipe screws upon the external sciew 
of the next pipe b, until the socket comes in contact with the fillet 
on a , and thus diaws a and b into close contact with the washei 
that is placed between them One cast lion pipe and its appro 


* Date of Mr Warren s patent for an improved machine for making screws 4th 
August 1841 described m Rep of Patent Inv for March 1843, also in the Glasgow 
Mechanics and Engineers Mag same date The machine was constiucted by 
Mr Ingram of Birmingham and is successfully worked by him 

h Date of patent, 21st Sept 1841, described in Rep of Patent Inv Oct 1841 
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pnate socket are moulded at one operation which is curiously 
accomplished by the use of two sand cores, the inner oi which 
is of the length of the pipe, and solid as usual the outer coie 
is made as a loose nng around the inner The union joint is 

differently pioduced by Mr Scott in wrought iron and soft 
metal pipes * 

Apecuhu method of making screw joints is employed m 
i and s patent collapsible tubes foi pieserving pamts piovi 
sions, &c The tin whilst at the ordinary atmospheiic tempe 
ratuie, is forced, almost as a cement, into the screwed recesses of 
brass or iron moulds and the threads are thus made to assume 
the helical form, with great rapidity, uniformity, and perfection t 
Indeed it is difficult, nay impossible to find the limit of the 
methods employed m producing, or those of subsequently em 
ploying this mteiestmg object, tlie screw, which not only enters 
in endless variety into appliances and structures in metal, wood, 
and othei m itenals, but is likewise rendered available in most 
difluent yet important modes, as in the screw piles for sandy 
foundations, screws for laismg water, for blowing furnaces 
ventilating apaitmeuts, and propelling ships 

Should it appear that the formation of the screw has been 
treated m gieater detail than the other subjects with which 
it is associated, either as regards the modes of proceeding or 
the mechanism employed, the author would observe that it 
appealed to lnm that by this mode alone he could mtioduce in 
something like order, a variety of interesting particulars, which 
although they have occupied very many pages, are but as a 
fragment of what might be said on a subject which has engrossed 
so much attention 


* Date of patent 6th July 1842 See Mechanics Magazine 1843 page 104 
1 Rand s second patent foi making collapsible vessels 29th Sept 1842 Undei 
the first patent the tm was drawn into tube (see vol i p 431 ) and the convex and 
screwed ends were cast and soldered in by the improved method the entire vessel 
is mado from a small thick perforated disk of tm by one blow of a fly pi ess The 

lowoi pait of the mould 1ms a shallow cylindrical cup concave and tapped at the 
bane the upper pait of the mould is a cylinder as much smaller than the cup as 
the intended thickness of the metd which on the blow being given, is compieased 
into the sc rt w and ascends four or five inches up the cyhndei or ram For laige 
hi/oh a hychostatio pi ess is employe d 


* 1 
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CHAPTER XXYII 
SAWS 


SECTION I-DIVISION OF TIIE SUBJECT I OEMS OF SAW TEETH 

The saw is tlie instrument which is almost exclusively em 
ployed for converting wood, rvoij, and v uious other substances 
fiom then original forms to those shapes lequned m the arts, 
and in genei \1, the thin seriated blade proceeds along the super 
ficies of the required object whethei they be plane, cncular, 
or irregular and effects its office with considerable speed and 
accuracy, and comparatively insignificant waste Unless a tree 
is felled with the axe, the sxw is employed, first, in the forest m 
separating the tice from its roots, and cutting it into lengths 
convenient for transport, the saw is next used at the saw pit nr 
converting the timber into plank and scantling, of various dunen 
sions and the saw is subsequently employed in the workshop, 
by the joiner, cabinet maker, and numeious other aitisans, 111 
reducing the plank 01 hoard into smaller pieces, ready for the 
application of the plane, the file, and other finishing tools In 
some elaborate and highly ornamental aits, the saw, as will be 
shown, is neaily the 011I3 instrument used 

Many of the machines now employed m sawing aie, as it will 
be seen, derived fiom similar processes before executed, andm 
many cases less perfectly so, by hand labour The saw is but 
little used for similar preparatory works m metal, the figuration 
of which is foi the most pait, accomplished by the furnace, 
the lrammei 01 lolleis, matteis that have boon desenbed in 
the fust volume 

It is propose d to consider saws in two groups, namely recti 
linear saws, and circular saws the precedence will be given to 
the moie simple lands, or those rectilinear saws used by band, 
and generally without additional mochanisn , conditions which 
do not apply to the cncular saw, which is always < ombmed with 
some portion of maclimuy And for the perspicuity of the whole 
subject it has been thought best to place the general lemaiks 
on the forms of teetli of saws, at the beginning of the chapter, 
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from winch arrangement many advantages appear to arise 
notwithstanding that it implies the necessity for adverting to 
various saws before then specific or paiticulai descriptions have 
been given and which objection will be m pant lemoved by the 
previous inspection of the tible on pige 609 

The blade of the rectilineal saw is usually a thin plate of 
sheet steel which m the first instance is rolled of equal thick¬ 
ness thioughout the teeth are then punched along its edge, 
previously to the blade being hardened and tempered, after 
which it is smithed or hammeied, so as to make the saw quite 
flat The blade is then ground upon a gnndstone of considei 
able diameter and principally crossways, so as to reduce the 
thickness of the metal fiom the teeth towards the back When 
by means of the hammer, the blade his been rendered of 
uniform tension or elasticity, the teeth are sharpened with a 
file and slightly bent, to the light and left alternately, m older 
that they may cut a groove so much wider than the general 
thickness, as to allow the blade to pass freely through the 
gioove made by itself The bending or liteial dispersion of 
the teeth is called the set of the saw * 

The cnculu saw follows the same conditions as the lecti 
linear saw if we conceive the light line to be exchanged for the 
cncle, with the exception tint the blxde is, for the most part, 
of uniform thickness thioughout, unless, as m the circular \ eneei 
saws, it is thinned away on the edge, as will be explained 
It is to be observed that the word pitch when employed by 
the saw makei almost always designates the inclination of the 
face of the tooth , up which the shaving ascends, and not the 
interval from tooth to tooth, as m wheels and screws 

In the following diagrams of teeth, which, for comparison, are 
drawn of equal coaiseness 01 size, some kinds are usually small 
and seldom so distant as \ an inch asunder these are described 
as having 2, 3, 4, 5, to 20 points to the inch and such of the 
other teeth represented as are used by hand, are commonly 
from about $ to inch asunder and are said to be of J oi li 
inch space although some of the cnculu saws are as coaise as 
2 to 3 inches and upwards fiom tooth to tooth 

* For the mode of hardening and tempering saws the reader lsiefened to vol i 
pp 249—250 of this woik and for the punciples upon which they are flattened 
and rendered of uniform elasticity to the same volume pp 414— 42^ 

y v 3 
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The usual range of size or space for each land of tooth is 
accordingly expressed beside the diagrams as aie also the angles 
of the faces, and of the tops of the teeth measuied fiom the line 
running through the point of the teeth, or the edge of the saw 
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The angle of the point itself will be found by subtracting the 
angle of the back from that of the face of the tooth, or the loss 
fiom the greater of tire first two numbers 
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The four vaneties of teeth at the commencement of the an 
nexed group from presenting the same angles m either dnection 
also cut m both directions m fact the face and back may be 
considered to change places m each alternate cut These teeth 
are used foi such cross cutting saws as have a handle at each 
end and are worked by two or more men, as m cutting down 
trees and dividing them when they have been felled, and similar 
saws are used foi the soft building stones when they aie first 
raised from the quany Fig 610 is called the peg tooth , or the 
fleam tooth , and is much used m North America and elsewhere 
fig 641, the M tooth which is so named from its resemblance to 
the letter, is now but very rarely employed, fig 642, the half 
moon tooth, is used m South Amenca for cross cutting, and 
fig 643 is that commonly described as the cross cutting tooth , 
although m England the peg tooth or 640, the hand saw tooth 
or 645, and the gullet tooth 650, are also used for cross cutting 
timber, more especially the last form when sharpened more 
acutely than usual, and used to cut m one dnection only 

Kefemng to the pielimmaiy remarks on cutting tools, pages 
457 to 463 of the present volume, it will be seen that saws were 
consideied to belong to the gioup of scraping tools, and that e 
and/ fig 316 were viewed as the generic forms of the teeth, the 
angle of which is commonly 60 degrees from the circumstance 
of the simple angular teeth being mostly pioduced by angular 
notches filed with two of the sides of an equilateral triangular 
file, and therefore the points assume tlio same angle as the 
spaces, or 60 degrees 

But the angle of 60 degrees is variously placed, for instance, 
the teeth m fig 643 aie said to be uptight , or to have no pitch 
and the teeth m fig 646 to be flat , oi to have considerable 
pitch these may be considered as the extiernes of this kind of 
tooth between which every inclination or pitch is more or less 
used but for the sake of definition, four varieties have been 
assumed the stiaight lines of which are 15 degrees asunder 

Fig 613 as all eidy explained, is the oidmary tooth for cioss 
cutting, and which, fiom presenting equal angles on each side, 
is said to be of upi ight pitch The tooth th it is, howevei, more 
generally used for small cross cutting saws is fig 644 which 
is inclined about 15 degrees fiom the last I his form of 
tooth, called slight pitch, is used loi the cross cutting saws for 
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firewood, those foi jomeis use, and also foi those employed 
in cutting up ivory m which latter case the blade is stretched 
in an non frame 

Fig 645 is tlie tooth m most general use it is known as 
ordinary pitch 01 the hand saw tooth The face is perpendicular 
and the back inclines at an angle of 30° fiom the edge of the 
saw, or the line of woik Most of the saws used by cabinet 
makers and joiners aie thus toothed or rather at an inclination 
mteimediate between figs 644 and 645 

The tooth, fig 615 is likewise generally employed for saws 
used for metal, for cncular saws used for fine woik, including 
veneei saws, and foi many of the cncular saws foi cioss cutting 
In fig 646 the f ice of the tooth is * set forward or stretches 
beyond the perpendicular at an inclination of 15 degiees this 
land is employed m mill saws used abroad for soft woods, and 
they aie the most inclined of those teeth foimed by the two 
faces of the tuangular file at the one process 

Nearly the same tooth as fig 646 is also used foi cncular saws 
and cutters foi metal The object is then to assimilate the points 
to those suitable to tools for turning the metals , therefoie, the 
angle of separation betwixt the end of the tooth and the plane 
to be wi ought is made small The hook form of the point is 
incidental to the employment of the tnangulai file, and is also 
proper for the material to be cut 

Fig 647 is a form of tooth that is set forwud like 646, but 
the point is more acute than the last five, or it is about 45 
degrees instead of 60 It is used foi some circular saws, 
and occasionally also for pit saws and cross cut saws, and is 
frequently employed foi cutting soft Bath stone 

Sometimes the acute angulai notch is not continued to an 
internal angle a method adopted in some null saws, both those 
of oidmary or perpendicular pitch, fig 648, and those of greiter 
pitch or inclination, fig 649, tlie fanner being moic common 
foi rectilinear, the lattei foi cnculai saws Vauous intermediate 
forms aie met with 

The tlnee lands of teeth, figs 647, 6 48, and 649, fiom being 
more acute than 60 degiees, cannot be sharpened with the 
oidmary three square oi equilateral file, as it will not reach to 
the bottoms of the teeth 1 he mill saw file is then used, namely, 
a thin fl it fide with square oi round edges, as the definition 
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of the internal angle is not needful although given by the punch 
m the formation of the tooth The angular mill saw teeth are 
employed, partly because they aie more easily sharpened than 
the gullet teeth which conclude the series of diagiams 

The teeth, figs 650 to fig 653, are called gullet teeth , on 
account of the laige hollow or gullet that is cut away in front of 
each tooth m continuation of the face and they aie also known 
as briar teeth The tooth is m general cut by one punch filling 
the entne space, but two punches an angulai and a gulletmg 
punch have been occasionally used 

The gullet is adopted to allow the tooth to be sharpened with 
a round or half round file, by which the face of the tooth becomes 
concave when viewed edgeways, and acquires a thin and nearly 
knife like edge, as will be explained The increased cuivilmear 
space allows more room for the sawdust, and is less disposed to 
letam it than the angular notch 

For the facility of explanation, the faces of the teeth differ 
fifteen degrees m pitch, and the tops of the tooth are variously 
inclined to the edge of the saw as tabulated The medium 
kinds figs 651 and 652 aie perhaps more common, xltlioughthe 
saw maker forms the teeth originally more acute for the facility 
of first sharpening and the sawyer sometimes neglects to 
file the gullets m the same proportion as the tops, by which the 
advantage attending the gullets is in a measure lost Each 
alternate tooth appears to be deepei than the others, but this 
only arises from the peculiar mode of sharpening the gullet with 
a lound or half round file, which makes a broad chamfer, the 
edge of which is elliptical 

1 oi the general purposes of pit saws, and also for straight and 
ciicularmill saws, the medium teeth, 651 and 652, aie suitable, 
but foi haid woods, as mahogany, rosewood, and others and also 
for cross cutting, the form should lean towards fig 650 and 
for soft woods and ripping with the gram, towards the more 
inclined tooth, fig 653 The whole of the fonns of teeth may 
he materially diveited from those originally given by the siw 
makei, in the important process of shaipenmg, and which will 
he now descubed, as the most proper way of concluding the 
remarks respecting the angles or bevels given to the edges of the 
teeth, independently of their simple piofiles 
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SECT II-SHARPENING AND SETTING SAWS 

The piocesses denominated sharpening and setting a saw con 
sist as the names imply, of two distinct operations the fiis* 
being that of filing the teeth until their extremities aie sharp 
the second, that of bending the teeth m an equal manner and 
alternately to the light and left so that when the eye is dnected 
along the edge, the teeth of rectilinear saws may appear exactly 
m two lines, forming collectively an edge somewhat exceeding 
the thickness of the blade itself 

Circular saws require exactly similar tieatment, if we con 
sidei the tangent of the aide to be substituted for the right 
line, and therefore the sliaipenmg of stiaight saws will be first 
described, and those peculiarities alone which attach to the 
sharpening of cnculai saws will be then separately noticed 
Setting the teeth which m practice is always subsequent to 
the sharpening, will also be placed subsequentlym the section, 
the commencement of which will be devoted to the modes of 
holding the saw m the operation of sharpening and the descrip 
tion of the files used 

In sharpening the saw it is mostly fixed peipendiculaily, and 
with its teeth upwards various modes being adopted according 
to circumstances The tail vice used by the saw maker m 
sharpening the saw measures fiom nine to twelve inches wide 
m the chops, and also nine to twelve inches high, 01 above the 
screw, proportions exceeding those of tail vices used by mocha 
mcians generally Slips of wood, or clamps of sheet lead bent 
to the figure of the jaws of the vice, are interposed betwe en the 
saw and the vice so that the elasticity of the wood, 01 the 
inelasticity of the lead may give a firm hold, and prevent the 
disagreeable screeching noise that accompanies the action of 
the file when the saw is msecuiely held, and the greater the 
noise the less the amount of woik that is done 

The joiner employs a wooden vice resembling that of the saw 
makei as to proportions, but it is fixed m the screw chops of Ins 
work bench 

In sharpening pit saws the sawj ci seldom finds it necessary 
to remove the handles or fr imes The long ox whip saw, and 
others not having frames, ue suppoilcd m the bawmg hoist, a 
tiestle about five feet long md two feet high, with four 01 five 
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upnglits 01 wooden pegs, sawn half way through to receive the 
back edge of the blade, the hoise raises the edge of the saw 
about thiee feet from the giound 
A more convenient mode is to have a jointed hoi se, fig 654, the 
two halves of which open somewhat like the j iws of a pair of 
plieis, when the saw has been mseited, the legs of the hoise are 
distended by the stietcheis at the ends and fix the blade 



JLhe files used m sharpening sa vs aic triangular, round half 
round, and mill siw files Ihe equilateraltnangular files, com 
monly designated as thee square files, vary from about tlnee to 
nine inches long, for small saws they aie gcneially taper, foi 
huge, sometimes nearly parallel when they are called Hunts, a 
term applied to other nearly parallel files Ihe triangular file 
is exclusively used for the teeth of figs 643 to 646, and more or 
less foi all the rectilinear teeth For small teeth, the double 
cut Lancashire files are the most used, on account of the keen 
ness of then edges, and the common size is 4 J inches long The 
generality of other saw files are single or float cut, that kmd of 
file tooth being consideied to £ cut siveeter, and do more work 
Round files fiom 5 to 8 inches long are used m saw nulls for 
ihe gullets of the teeth, figs 650 to 653, and flat files for the 
tops but the pit sawjer and some others always employ half 
lound files, as the one instrument may be then applied to 
both purposes these files are always blunt or paiallel 

Mill saw files arc m gcnei il thin, flat and paiallel, from 6 to 
11 inches long flo it cut on the sides, and with smooth, square 
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edges Sometimes, however, they have round and cutting edges, 
and are of taper figure 


The five ordinary modes of sharpening saws will be explained 
and illustrated byenlaiged diagiams m three views, which denote 
the ways m which the teeth aie bevelled and set but a few 
general observations that apply to each mode will be fiist given 
In general the angles of the points of the saw teeth are moie 
acute, the softer the material to be sawn, agreeably to common 
usage m cutting tools , and the angles of the points, and those 
at which the files aie applied, are necessarily the same Thus 
m sharpening saws for metal, the file is generally held at 90 
degrees both m the horizontal and vertical angle, as will be 
shown, foi very hard woods at fiom 90 to 80 degrees and for 
very softwoods at from 70 to 60 degrees, or even more acutely 
The vertical angle is about half the horizontal 

In general the horizontal angle of the file is alone important, 
(that is, considering the saw blade \ertical and with the teeth 
upward ) although to assist the action of the file it is customary 
to depress the handle a little below the point of the file, and 
only to file on those teeth which are bent fiom the operatoi 
When the tooth that is bent towai ds the individual is filed, it 
vibrates with much noise and is disposed to stup off the teeth 
fiom the file, instead of being itself reduced 

To insure the action of each tooth, the edge of the saw should 
be quite straight, it is therefore occasionally topped, by laying 
the file divested of its handle, lengthways upon the teeth, 
and passing it along once or twice, to reduce these few points 
which may be above the general level The file is pressed haul 
at the two ends of the saw, where the blade is less worn and is 
applied lightly m passing the middle, the file should be held 
peifectly squaie to reduce the edges alike The new point of 
each tooth is then made to fall as neaily as possible upon the 
center of the little facet thus exposed by the process of topping 
or ranging the teeth and the faces or fionts of the teeth aie 
always filed before the tops of the same 
When the file is peifectly square to the saw plate, every tooth 
is sharpened exactly alike, and in direct succession, that is, m the 
01 dei 1 , 2, 3, 4 Whenever the file is inclined, the teeth 1 , 3, 
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5 7, 9, are sharpened, say to the right, and the teeth 2, 4, 
6, 8 to the left after which they are set m the same order, 
so as collectively to form a double line of points somewhat 
resembling the tail of a bird, when the section is coarsely mag 
nified and exaggerated as m the seveial diagrams to be given 
The teeth are the moie set the softei or the wetter the wood 
The first diagram on sharpening saws, fig 055, represents in 
plan and two elevations the saw teeth that are the most easily 
sharpened namely, those of the fiame saw for metal commonly 
used by the smith, the teeth of this saw aie not set or bent 
m the oidinary manner, owing to the thickness and hardness 
of the blade, and the small size of the teeth 


Fig 655 



The smith’s saw blade, when dull is placed edgeways upon the 
jaws of the vice, and the teeth, which are placed upwards, aie 
slightly hammered, this upsets oi thickens them m a minute 
degiec, and the hammei face reduces to a general level those 
teeth which stand highest 1 hey are then filed with a tuangular 
file held peifectly square, or at ninety degrees to the blade, both 
in the horizontal direction li, and the vertical v, until each little 
facet ]ust disappears so as to leave the teeth as nearly as possible 
m a line, that each may fulfil its share of the work 

The most minute land of saws, those winch are made of broken 
watch springs have teeth that are also sharpened nearly as m 
the diagram, fig 655, but without the teeth being either upset 
oi bent as m very small saws the tuflmg burr, or rough wiry 
edge thrown up by the file, is a sufficient addition to the thick 
ness of the blide, and is the only set they receive 

r J hiee modes of spacing out the teeth of fine saws will be 
now descubcd, and which modes, although not employed by the 
siw makei, may assist the amateur who is less accustomed to 
the use of the file 
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iFme saw teeth aie sometimes indented with a double chisel, 
fig 656, the one edge of which is mseited each time m the 
notch previously made, and the othei edge makes the following 
indentations the intervals thus become exactly alike, and the 
teeth aie completed with the file For still moie delicate saws 
recourse may he had to a little bit of steel bent at the end as 
a minute rectangular hook, which is magnified m fig 657 , the 
hook oi filing guide, being inserted into each tooth as it is sue 
cessively formed, legulates the distance of the file for the next 
tooth, as the file is allowed to bear slightly against the blunt 
and hardened end of the hook 


Figs 656 
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Ihe third mode is used for piercing and inlaying saws, these 
measure about one one thirtieth of an inch wide one one hun 
diedth thick, and have about twenty points to the moll for wood, 
thnty for ivory, forty for ebony and peail, and sixty foi metals 
They are made from pieces of watch spang, which aie stiaight 
ened by rubbing them the leverse way of their cui vatuio through 
a greasy rag, after which they aie cut into staps with shears 
When the saw is either being made, or sharpened it is kept 
distended m its frame and is laid m a shallow groove or keif 
m a plate of brass embedded m the wood block, fig 658 which 
is clamped to ihe table First, the back of the blade is filed 
smooth and round the edge is then smoothed, aftei which the 
teeth aie set out, beginning near the handle of the frame 
llie spaces between the teeth are determined, in this case, by 
tlie facility with which the hand appreciates anj angulai position 
to which it is accustomed lhus m the act of filing the teeth, 
—the file is always used, say at an hoiizoutal angle of twenty 
degrees with the blade—the file is sent once through the first 
tooth, and allowed to rest for an instant without being drawn 
backwards , the file still resting in the fust notch of the blade 
as shown m elevation is then placed two to five degrees lieaier 
square m the hoiizoutal angle, 01 at fifteen degrees with the 
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blade, instead of twenty It is then supported for an instant on 
the edge of the wood block, and laised out of the notch, the 
file, whilst supported on the block, as m the dotted line is 
replaced on the saw at twenty degiees, its first position By 
the two lateral movements it is shifted a trifle to the right, and 
a second notch is made at the spot thus determined The 
routine is continued, and after each traverse of the file the 
stepping piocess is lepeated, during which the file rests altei 
nately on the saw blade, and on the edge of the block, by which 
curious yet simple mode the spaces of the teeth are given with 
great rapidity and exactness 

In this first range each notch has only received one stroke of 
the file, but three or four ranges commenced from the other 
end of the blade are required to bring the teeth up shaip 

The second diagram , fig 659, illustrates the peg tooth, but it 
may also be considered to apply to 641 the M tooth, and, m part, 
to the mill saw tooth, 648 The points of the cross cutting 
saws for soft woods are required to be acute or keen, that they 
may act as knives m dividing the fibres transversely 

Tig 659 
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The sides 1,5 9, that is, the left of each alternate tooth, are 
first filed with the horizontal angle denoted by h, and then the 
opposite sides of the same teeth, or 2, 6, 10, with the reverse 
inclination or hf The other teeth are then treated just in the 
same manner, from the other side of the blade, that is, first the 
sides 12, 8, 4 and then 11, 7, 3, are successively filed, the work 
being thus completed m four ranges The first and second 
ranges aie accomplished, a few inches at a time, tinoughout the 
entire length of the saw, after which the thud and fourth arc 
completed m the same interrupted order 
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The tlmd diagram, fig 060, may be considered to refer gene 
rally to all teeth the angles of which aie 60 degiees (oi the 
same as that of the tuangular file,) and that are used for wood 
-The most common example is the oidmaiy hand saw tooth hut 
teeth of upright pitch, such as the cross cut saw fig 643, or of 
considerable pitch, as in 646, are tieated much in the same 
manner 


Fig 660 



The teeth having been tonped, the faces 1, 5, 9, aie first filed 
back, until they respectively agiee with a dotted line a sup 
posed to be drawn through the center of each little facet 
produced in the topping, the file is then made to take the 
sides 2 and 3 of the nook until the second half of the facet is 
reduced, and the point of the tooth falls as nearly as maybe on 
the dotted line a The two sides 6 and 7, those 10 and 11, and 
all the others, are similarly filed m pairs The latter process 
reduces the second series of faces 3, 7, 11, to their propel 
positions, and therefore when the saw is changed end for end, 
it only remains to file the tops or sloping lines 4, 8, 12 

The first course takes the face only of each alternate tooth 
the second course the back of the former and face of the next 
tooth at one process and the third course takes the top only 
of the second series, and completes the woik This older of 
proceeding is employed that the faces of the teeth may be m 
each case completed before the tops or backs 

The fourth diagram, fig 661, which follows next m order, 
exhibits also in three elevations a somewhat peculiar foim of 
tooth, namely, that of the pruning saw for green wood The 
blade is much thicker on the edge than the back, so that the 
teeth are not set at all The teeth are made with a triangular 
file, applied very obliquely as to horizontal angle, as at h, 
sometimes exceeding 45 degiees, but without veitical mclina 
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tion as at v , and the faces of the teeth aie nearly upright, as 
m the hand saw 



^z:.,// ss //" w /7~ w i 

h A 

Looking at the pinning saw in profile it appears to have large 
and small teeth alternately this only arises fiom the excessive 
bevil employed, the large sides of the teeth are very keen, and 
each vertical edge is acute like a knife and sharply pointed 
m consequence of which it cuts the living wood with a much 
cleanei surface and less injury to the plant, than the common 
hand saw tooth 

The fifth diagram fig 662, explains the method employed m 
sharpening gullet or briar teeth, m these, as before explained, 
there are large curvilinear hollows, m the formation of which 
the faces of the teeth also become hollowed so as to make the 
projecting angles acute 



The gullets, 3 7 11 are fiist filed and from the file crossing 
the tooth very obliquely, as at v v m the section, the point of the 
tooth extends around the file and gives the curvature represented 
m the plan The file should not be so laige as the gullet 
it is theiefore lequisite that the file be applied m two posi 
tions, fiist upon the face of the one tooth, and then on the 
back of the preceding tooth The tops of the teeth, 4, 8, 12 
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aie next sharpened with the flat side of the file the position 
of which is of course determined by the angles c and d the 
former vanes with the material from about 5 to 40 degiees with 
the edge and the latter from 80 to 60 degiees with the side ot 
the blade, the first angles in each case being suitable foi tlu 
hardest and the last foi the softest woods Ihe alternate teeth 
having been sharpened, the remainder are completed fiom tlu 
other side of the blade, requiring m all foui langes 

The gullet tooth accomplishes, m a different mannei, ami 
in one possessing some peculiar advantages, that which occms 
from the horizontal inclination of the file in most other cases , 
and although the position may seem difficult, it will be found 
very manageable, as the hollow forms a convenient bed for the 
file —See Appendix, Note B L, page 1011 

The saw having been sharpened it is aftei waids set, or as 
before explained, the teeth are bent Hie best mode is that 
which is almost always adopted by the saw maker, who five s m 
the tail vice a small anvil or stake with a rounded edge', sue h as 
fig 663 The saw is held with its teeth along the cc ntoi of the 
ridge, and the teeth are bent upon, or rather aiound the euivc of 
the stake with two or three light blows of a small liaminc r also 
shown, the face of which is at right angles to the handle, and 
narrow enough to strike one tooth only 



The set, or lateral curve, given to each alternate tooth, is m 
great measure determined by the curve of the stake, the edge of 
which for fine saws has a ridge like a pointed gothic window 
Half the teeth having been bent, the saw is changed end foi 
end, and the intermediate teeth are similaily tioalcd 
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Those who aie less used to the treatment of the saw employ 
the saw set foi bending the teeth it consists of a narrow blade 
of steel with notches of various widths for diffeient saws, fig 
664 is foi large, and fig 665 for smill saws In using the 
saw set the saw is allowed to remain m the clamps ifter having 
been filed, and the alternate teeth aie mseited a little way m 
that notch which fits the blade the most exactly , and they ue 
bent ovei by appljmg a small foice to the handle, which is either 
raised up or depiessed equally foi each tooth 
In some few cases saw set pliers, fig 606 are used Two 
adjustments are required, lespectrvely to determine the quantity 
of the tooth which shall be bent, and the angle that shall be given 
to it The quantity is adjusted by shifting the stop &, which 
is held by the thumb sciew c, that passes through a mortise in b 
the angle of the pait bent is adjusted by the sciew d The tooth 
is fiist giaspcd between the jaws of the pliers, which aie then 
lotated until the sciew d touches the blade a 



In which way soever the saw is set it lequues to be accom 
plished with gieat uniform!}, so that the two senes of points 
may foim two exact lines It is proper to change ends with 
the blade m older that each side may have as neaily as possible, 
the same tieatment, as unless the two sides of the saw are very 
nearly m the same condition, or set alike, the saw is apt to mn, 
or cut a crooked instead of a stiaiglit path it cuts most lapidly 
on the side that is most set, and consequently glances oil m a 
curve fxom its too lapid encroachment 

The only changes m tieatmg the cncular saw anse flora the 
diffacnce between the light lme and the cuivc , th it is, the file s 
me applied m the same lelation to the tangent oi the cncle, that 

/ / 
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they are to the rectilinear edge of the straight saw When 
the teeth of circular saws are topped a small lump of grindstone 
is held upon the saw bench and against the ievolving saw and 
moved continually sideways, the highest teeth are soon rubbed 
down, indeed almost in a moment, as only a very small quantity 
is thus removed from them, sometimes a file is used instead of 
the stone 

In sharpening circular saws with angular teeth, and the tops 
of gullet teeth, they are clamped between two upnght boaids, 
connected by a sciew passing thiougli the centei of the saw 
For saws of small diameter the thiee aie nipped m the vice 
but for large saws the boards aie shaped like the letter T and 
are screwed against an upright post or the side of the bench, by 
a sciew bolt and nut 

In gulleting cucular saws the two boaids giaspmg the saw 
are often fixed at an angle of about 80 degrees, by which the 
file is brought to the horizontal position, and the saw is tinned 
ovei when the gullets on one side have been finished 



In setting the teeth of the cnculai saw, all the foimer modes 
may be employed and also one other little mstiument which 
is represented in fig 667 It consists of a bed oi anvil of steel, 
which is held in the vice at a it has an axis c, placed at such a 
distance from the sloping plane on a, as suits the ladius of the 
saw, and the end b of the uppei piece, which is somewhat elastic, 
is filed to a corresponding angle, and is besides pointed so that 
the blow of the hammer may only bend or sot one tooth at a 
time, as shown by the dotted lines in the inverted plan V lhe 
axis, shown detached and in the other view at c , is a turned 
block of brass having a sliouldei to fit the hole m the saw, two 
diametrical moitises lor the pieces of steel a and b, and also live 
bin din g sciews to letam the seveial paits m position 

SECT in—RECTILINEAR SAWS USED BY HAND 

Rectilinear saws used by hand, aie divisible into thiee gioups, 
as arranged and tabulated on the next page 
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TABLr OF THr DIMFNSION'S Or RrCTILTNTAR SAVi S 

Thefint column iefeta to thepajes wlieie the saws and then uses me dcscnbcd 
Ike fast coh mn refers to the Bvmim/ham non wne and sheet von ga e the companion 
oj which with oulmcmj lmeai measure is given m the table on page 1013 of the Appendix 

(1) Taper Saws mostly without Frames 


700 Cross cut saw 4t 1C 

701 Long pit or whip saw 6 8 

701 Pit trame saw* 4 q 

707 *4 elloe oi pit turning saw 4 6 

With a handle at one end kciiLtlt 
Blade 

708 Rip saw 2s t 30 

— Half rip saw ’6 28 k 

— Hand saw 22 2b \5 

— Broken space or fine hand 2 > 2b 

— Panel saw 20 24 

— Fine panel saw ^>0 24 


Length of 
Blidc 

Width it 
wil( end 

Wilth it 
n mow end 

Poim of 
looth 

Spat e of 
lo )th 

Gage 
ot Wet il 

4 t 10 ft 
6 S 

4 6 

4 6 

6 to 12 

9 12 

7 11 

3 4 

1 to 7 i 

3 1 5 

3 4J 

2 3 

010 t 040 

1 oro 

65()&6ol 

f to 1 in 

4 1 

i 1 
i 1 

12 t 

12 16 
15 IS 

13 15 

Length of 
Blade 

Width at 
wi le end 

Width at 
nano wend 

E orm of 
loitli 

1 omta 
I>ci iu(h 

Gage 
of Mttal 

2st 30m 

7 t 9 i 

3 to 4 n 

()44& 64 J 

3V 1 

18 


20 24 44 74 

>0 24 4 6 


74 >43“ 

7 \ >4 3 

74 ’ 24 

6 2 24 


Chestsaw (for tool chests) 10 20 24 34 M2 

* * Table saw 18 2b if 24 IV 

* Compass oi lock saw 818 1 14 4 

! * TC Avl-wd O, ft at -t « 1 t 


* Keyhole or fret saw 
Pi umng saw 


6 1 0 4 

10 24 2 


6 to 8 18 21 

7 8 16 19 

8 9 18 19 

9 10 19 >0 

944 661 4 7 13 16 


(2) Parallel Saws with Baoi s 


With a handU at one end 

T i netli ol 
Bladi 

Width of 
Blade 

3 enon saw 

Sash 

Carcase 

Dovetail 

! Smith s screw head saw 
* Comb cutter s saw 

161 20i 

14 16 

10 14 

6 10 

3 8 

5 8 

3^ to 4 in 

a 3 } 

2 21 

H 2 

4 1 

14 2-1 



I oim of 

I ootli 

1 Jlllts 
pci 11 ll 

Gu 

(f Mttal 


644 & 645 

10 

11 

12 

14 t IS 
12 16 
10 20 

21 

2> 

23 

24 

15 to 22 
18 25 


=====-^- 



(3) Paraile: Saws used in Frames 


S ti etched lengthways 

I erngth of 
Blade 

Mill saw 

4 to 8 ft 

Mill saw webb 

4 6 

Veneer saw 

4 5 

Chan maker s saw 

20ii30i 

W ood cutter s saw 

H 36 

Continent il frame saw 

15 36 

*4 inning or sweep saw 

6 22 

Ivory saw 

15 30 

Smith s frame saw 

3 12 

*Hercmg saw 

3 5 

’“Inlaying or bulil saw 

3 5 


648&651 |to li 

a A 


644 4 6 

616 10 14 

645 40 60 

— 15 40 


10 to 14 
17 2(1 


Those Saws mailed with an Asteusl aie nvd foi Ciicalai and Gw ulincai 
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Hie first kind of saw is usually taper, and if long it has a 
handle at eich end as m the pit saw but ^ ^oxt or no 
exceeding about thirty inches m length it has only ahandle at 
the wide end as m the common hanc saw 

The second land of »» » stiffcod by . >>b pieced on the 
beck of the sew, end parallel with the teeth the nb o. back B 
generally a cleft bar of iron or biass as in the tenon mw, done 

The thud kind of sow is provided with an crtoinal skeleton, 
by which the saw blade is shamed in the dncehon of itslength, 

like the string of .how, asm tho tnnul.j or slot,,, saioforwood, 

and the bow saw or frame mw toi lvoiy 

These three classes of saws differ much in proportions and 
details, as will be seen by the mspcc tion of the foregoing table, 
and the subsequent remarks Hu longest saws are placed at 
the beginning of each group, and the names mostly denote the 
oidmaiy purposes of the respective instruments 

Immediately subsequent to the description of the several 
saws, some account will be given of the genual pm poses of each 
instrument, and of its manipulation Ihe minibus prefixed to 
the table, refei to these respective lemaiks, winch itu expressed 
somewhat in detail owing to the importance ot tlu instruments 
themselves, and the circumstance that many of the topics will 
not he resumed Whereas the turning, boimg,and scitw cutting 
tools, the subject matters of the pic vious chapters, will be more 
or less returned to, in speaking ol the pi u tic o of turning 


The saw which claims priority ot notice, is that used in felling 
timber, when the axe is not employed for tlu pm pose 

Tli efclhwi saw mostly used ot late -years in tins c omitiy, is 
a taper blade about five tut long, with m(Unary gullet teeth, 
closely lesemblmg the common pit saw, except that tlu teeth 
are sharpened more acutely 

The handle of the wide end, fig MSB, is fixed l>y an non holt 
and wedge, that at the narrow end, fig CM), is c aleulate d for 
two men, and is made of wood, except a plate ot non at the 
bottom attached by nvets 01 sciews to tlu wood, so as to make 
a crevice for the saw, which is fixed the it in by a wooden wedgo 
oil the upper surface of the blade 

When tlie saw lias enten el a model ate distune e we dge h tue 
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driven m to prevent the weight of the tree fiom closing the saw- 
kerf and fixing the blade and it is needful the handles should 
be removeable, that one or other may be taken off, to allow the 
saw to be withdrawn lengthwajs, which could not be done, were 
the handles live ted on 



In cross cutting saws the straight handles are sometimes 
attached as m fig 670, by a piece of sheet non serving as a, 
feirule, and extending m two flaps which embiace the saw, and 
aie riveted to it 

Figs 671 and 672 lepresent two other kinds the foimer is 
attached by a bolt and key, and the spike is uveted thiough the 
wooden handle In the latter the handle is perforated for 
the leception of a slender rod of iron, slit open as a loop to 
receive the saw blade, and which is di awn tight by means of the 
nut and washei above the handle 



huge logs, aie made as long as twelve, fouiteen and sixteen, 
feet, nine to cloven inches wide m the centei and six oi seven 
inches at the ends Ihe peg tooth is commonly used tor them 
Ihe long saw, pit saw, oi whip saw, winch follows m the table. 
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is also the next saw that as commonly apphed to the ^oce of 
timber, which is then placed over tie saw p , ^ j 

the saw maybe used in the vertical position by two men called 
respectively the ftp rr.au and the j* u.an the former of whom 
stands upon the piece of timber about to be sawn L ha os^mas 
of the men are bighlj fwouiable, as they can give tho aw* 
nemlj peipendicular tiaveise of thiee or foui feet ml t 
up or return stioke the saw is removed a few inclus horn the 
end of tne saw cut to avoid blunting the teeth, and to allow 

the sawdust free escape . 

The long saw vanes from about six to eight feet m length, 
according to the size of the timber I'o adapt it to the 
hands of the sawjeis, it has at the upper pait a tiansvorsc 
handle 01 tillei, fig 673, and at the lower a bon, fig 071 1 lie 

tillei consists of a Lai of non, 
divided at the, Iowa part to 
receive tlic blade, to \vln< h it 
is fixed by a squaic bolt pass 
mg tinough the two and 
fastened by a we dge, and at 
the up pci end, the tiller is 
sometimes forme cl as an c ye 
for a wooden stu k 01 (ho it 
is made as a folk, and the 
handle is uvctc d on 

Iho handle at the lowct 
pait, fig (>/ t is simply a 
piece of wood foui ox five 
inclus ch umtu, and twehc 
to sixteen long, tuinc d as a 
handle at each uul, a dm 
metucal notch is made halt 
way tluemgh the until to 
admit the saw blade, which is fixed by a wooden wedge borne 
times the bottom handle of the long saw is a flat non loop, 
as in fig 675, with a space for the fixing wedge, and an e>e 
for the wooden handle Occasionally a seicw box is use el, oi 
one like fig 674, but with the one handle saewed m, so that 
its point may bear upon the saw, m place of tho wedge In 
all cases it is desnablc the lower handle should be capable of 
being eisily removed 
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The pit j) &me saw, fig 676, is commonly used for deals and 
for such pieces of the foreign hand woods as are small enough, 
to pass between its frame, which is about two feet wide 

The frame saw blade has two holes above or at the wider end, 
and one below and is 
attached to the wooden 
fiame by two non buckles 
01 loops, which are split 
about half way round 
The upper buckle fits 
squarely and fhmly to 
the top head, and re 
ceives, above its lower 
side, two pms passing 
through the holes m the 
saw The lower buckle 
is similarly deft, and le 
ceives one pm only, this 
buckle is di \wn tight by 
a pair of equal oi fold 
mg wedges, beneath the 
bottom tiansveise piece 
The blade is usually 
bye oi six feet long, and 
thinner than that of the 
whip saw, which latter 
although it may be used for the widest timbers is moie wasteful 
In some few cases, wheie the double fiame, fig 676, is inapplic¬ 
able, as in lemovmg a plank from outside a veiy laige log, the 
single frame, 677, is used , but this latter is generally narrow, 
and employed alone foi small curvilinear works 


It is now proposed to give some few particulars of the sawpit* 
and the modes employed by the sawyeis m marking out the 
timber preparatory to sawing 

Ihc sawpit vanes from about twenty to fifty feet m length, 
foui to six feet in width and five to six feet m depth, it has two 
stout tnnbeis mnning the whole length called side strakes , and 
tiansveise pieces at each end, called head sdls, upon which the 
one end of the timbei lests, whilst the other end is supported 
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on a tiansome, 01 a joist lying transversely upon the stiakes 
a second transome, is used m case of the first breaking, this is 
c died a hap tiansome 

Sometimes holdfasts or L formed iron brackets aie added to 
the held silh by winch thick pieces of plank aie fixed honzon 
t illy screw chops are also used for fixing short pieces of haid 
wood vertically or edgeways, for slitting them 

In cutting deals into thin boards tlnee deals, which from 
being as many as the frame of the saw will include, are called a 
pit full, are placed ’vertically against the stake and are securely 
ittaclied to it by a rope passed once round the deals and the 
lower end of the stake and strained by a binding stu k 

Foreign tnnbeis and hard woods aie mostly squared with the 
axe 01 adze, foi the comemence of transport and close stowage 
on shipboard and such square pieces ate leadily maiked out with 
the chalk line into the scantling, 01 the planks and boards 
requiied Moie skill is called for m setting out the lines upon 
out native timbers, which are mostly converted into plank, or 
the various pieces, without being previously chopped square 
The converter determines m which dnection the tiee can be 
cut most profitably into plank and the section chosen is usuilly 
that, which when opened shows the gieatcst curvature or me 
gulantj , this section is supposed to be shown longitudinally by 
a b, c, d, fig 678 and, on a larger scale and trans\usoly, by 
e' e fig 679, the cential points a and b and the line b c being 
given by the convertei who also gives msti notions as to the 
thicknesses desn edm the planks I he sawyeFs fn si ob]c et is accu 
lately to mailt the maigms of the liuguhu ccntnil plane, a bcd 9 
so truly tint when the lines aie followed with the saw the sur 
f ice shall be tme and thoroughly out oj winding oi twist 

JLlic sawyci gets the tnnbei on the sawpit, with the hollow 
side upwards that being always fust nnuked it is plumbed 
upught or, so that the plumb line, suspended by tbc hand at 
exactly mtusects the line h c which lias been maiked on the 
end JLhc butt is the n seemed from lotating, by dogs oi staples, 
s 6, hg 679 driven both into the end of the timber and into the 
vertical face of the head sill, foi whuh pin pose the two ends of 
the dogs aie hurt at light angles both to each otln 1 and to the 
intermi diate p ut of tilt dog the c vtu mitu s of which aie pointed 
with steel, made clnsel foim, and baldened 
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A chalk line is now sttetched m the dotted line fiom a to b * 
and pulled vertically upwai ds exactly m the plane m which it 
is desired to act the stung is then let go, as in discharging am 
anow and stiiking the timber, it leaves thereupon a portion of 
the white or black chalk with whicii the line was rubbed 



Should the ciuvatuie of the timber be such that, as m the 
example, the chalk line would scaic ely leach the hollow it is 
sti amed on the dotted line a b and left thei e, the plumb line is 
hold m the hand at z, and an assistant holds a piece of chalk on 
the top of the tmibei at the point e The principal then observes 
m the same glance that the plumb line z intersects the string 
a b the line b 6, and also the point of the chalk, showing thein 
all to bo in the plane of vision, a mark is then made at e Maiks 
aic similarly made at / and g , or as many places as may be re- 
(pined, and, lastly, the points a g , qf,f e, and e b , are connected 
by short lines struck with the chalk lme aiound the curve 
The required thickness of the planks is then taken m the 
compasses, with a little excess for the waste of the saw, and two* 
thice oi moxe planks ate packed off on each side the center 1 
c (, fig 079 , until, fiom the cucular section of the timber, its 
surface becomes so inclined that the compasses would measure 
a slanting instead of a horizontal distance, and which would 
dimmish the thickness assigned to the boaids 

L he saw) cr then holds the compasses as it y, and fixing his eye 
on the putt ot the wood pcipendiculaily beneath the offleg oi: 
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the compasses, he removes the instrument and pucks a maik 
thei ewith, after which the compasses are replaced as at y to see 
that the mark is correct This is repeated at diffeient points m 
the length and the chalk line is stLetched fiom point to point 
thus set out with the compasses, and marks the edges of the 
intended saw cuts with sufficient certamt) 

The timber is now turned over, or with c to d , fig 678, upper 
most and the end line exactly perpendicular as befoie Should 
the piece be very crooked or Inqh backed the sawj r er may be 
unable to see ovei it, and obseive the centril marks at the ends 
of the timber, such being the case, the points e, f q, aie tians 
feired to e\ f, g on the top of the timber, by the mode ex 
pinned bytlie figuie 679 supposed to be a section thiough the 
plane e e' A dog is driven into the timber near e r and fiom the 
dog a plumb line # x 9 is suspended, the distance e tf, is then 
measuied with a common rule and measured backwards from 
x to e\ by which process e' becomes exactly peipendicular to e , 
the points / and g are similarly treated to obtain the points f g ', 
after which the central line is made at foui operations through 
c e\f 9 g',d, the plank lines aie set out with the compasses as 
befoie explained 

Laige timber is usually cut into plank as in fig 679 the 
planks are sometimes flatted oi then lncgular edges aie sawn 
off and for the most part wasted , but this is not gun rally done 
until the wood is seasoned and brought into use 

When many planks are wanted of the same width, it is 
a moie economical mode, fust to leave a ccntinl paiallcl balk, 
as m fig 680, by removing one oi two boaids fiom each 
side and then to flat the balk, oi reduce it into planks Ihe 
cential line is m this case tiansfcned fiom the lower to the 
uppei side, by aid of the scpiaie and rule, instead of by the 
plumb line 

According to Hassenfratz, the setting out shown m fig 681 is 
employed m laige wainscot oak, m order to obtain the greatest 
display of the medullary lays which constitute the principal 
figure in this wood, and the same nutlioi strongly advocates 
the method proposed by Moreau, and represented m fig 082, 
m which he says one sixth moie timbei is obtained than by any 
other mode, and also that the pieces are less liable to split and 
waip, but on examination tliuc docs not appear to be any 
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inducement to incur the increased trouble in marking and 
sawing the timber on this method * 


When the timber has been pioperly marked out the sawyers 
take their respective places upon the timber and in the pit 
the saw is sloped a little fiom the peipendicular , that is sup 
posing the piece about eighteen inches through or deep, the saw 
when it touches the top angle, is held off about two inches fiom 
the bottom A few short tups aie then very carefully made as 
much depends on the saw entering well, and should it fail to 
hit the line, the blade is sloped to the right or left at about the 
angle of 45 degrees, to run the cut sideways and coirect the 
incision m its eaihest stage It is usual to take all the cuts as 
m figs 679 and 680 to the depth of tlnee or foui feet, and then 
the whole of them a further distance, and so on 

When the saw has penetiated three or four feet, a wooden 
heading ivedge is driven into the cut to separate the timbei,for 
the relief of the saw , and when from the length of the cut, the 
timber is sufficiently yielding, the hanging wedge is used, which 
is a stick of timber about twelve to twenty inches long and an 
inch square, with a projection to pi event the wedge fiom falling 
thiough I he wedges lessen the fuction upon the saw but if 
too greedily applied they split the wood, and teai up the loose 
paits sometimes obseived m planks 

In sawing straight boards, it is advantageous that the saw 
should be moderately wide, as it the better serves to direct the 
lectilmeai path of the instrument, but for curvilinear works, as 
the felloes of carnage wheels, the sawyei employs a much 
nanower saw to enable him to follow the curve The blade of 
one land of felloe saw is about five feet long, and it tapers from 
nearly four inches at the wide, to two inches at the narrow end , 
it is used with a tiller and box, exactly the same as the ordinary 
long saw, and also without a frame 

Ihe moie general felloe saw, or pit turning saw > has a blade 
about inch wide, and is stretched m a frame exactly like those 
lepresented m figs 676 and 677 The tuimng saw with two 
side l ills is the best where it can be applied sometimes the 
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frame is obliged to be made single, and with a wire and screw 
nuts, by which the saw is strained as m fig 677, page 703 

In cutting out very small sweeps as m the small wheels or 
trucks for wooden gun carriages, no fiame whatever can be used 
and slender blades about five or six feet long, five eighths of an 
inch wide, with a handle at each end were employed foi this 
purpose duiing the late war In using the various pit turning 
saws, the thick plank having been sawn out m the ordinaly 
manner, the woik is maiked off on one side fiom a pattern or 
templet and then held down, upon the head sill of the saw pit 
and one transom, by means of the holdfast before noticed 

The rip saiv, half ? ip , hand saw , broken space , panel saw and 
fine panel, which m respect to appearance aie almost alike, may 
be considered to be lepresented by fig 683 , then differences of 
si/e will be gatheied fiom the dimensions m the table, the 
chest saws aie merely diminutives of the above and such as are 
used for small chests of tools, whence their name 



This land of saw is made taper m oulei that the blade may 
possess a nearly equal degiee of stiffness throughout, notwith 
standing that it is held at the one end, and leceivcs at that end, 
as a thiubt, the whole of the powei applied to the instillment, 
the gieatei width also facilitates the attachment of the handle 
Were the blade as wide at the point, as at the handle oi heel, 
it would add useless weight, and instead of bang a source of 
strength, it would m leahty enfeeble the saw, which fiom the 
mcieased weight at the fai end, would be more flexible near the 
handle than at the point 

It will be seen that the saws m tins group aie piogiessively 
smallei and finer The ? ip saw has the coarsest teeth and 
which are of slight pitch oi mid way between the upiight or 
cross cutting teeth, fig (>li and those of oidmaiy pitch, fig 615 
the half rip is oimilai, but a little fmei, these two aie used m 
caipentiy foi upping oi cutting fai timbci r tpidly ivith the gnun 
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The hand and fine hand saws are somewhat finer m the teeth* 
which are of ordinary pitch or the face of the tooth is perpen¬ 
dicular the hand saws are much used "by the jomer for oidinary 
purposes, and also by the cabinet maker for cutting mahogany 
and otliei hard woods with the giam 

The panel and fine panel aie still finer saws of the same land 
which probably derived their name fiom having been made for 
cutting out panels when oak and other wamscotting were more 
common in oui houses than plasteied walls and they may be 
considered as intermediate between the handsaw by which 
most of the woik is done, and the tenon or back saw heieafter 
to be descnbed 

The same woikman does not require each of the six: saws but 
commonly selects the two or thiee most suited to his particular 
class of work, they are principally used for stillfurthei preparing 
the woods to their several purposes, after they have been cut at 
the sawpit into planks and boards The outlines of the works are 
maiked out upon the suiface of the plank bj aid of the rule 
compasses and chalk line or the straight edge and square, with 
much gieater facility than setting out the round timber into 
planks, which has been already explained lhe board having 
been marked is rested upon a sawing stool or trestle, the height 
of which is about SO inches, if the work be long two stools aie 
employed lhe woikman commonly places his light knee upon 
the hoard to fix: it, and applies the saw on the portion tint over 
hangs the end of the stool 

The saw is giasped m the right hand, and the left is applied 
to the board, m oidei that the end of the thumb maj be placed 
just above the teeth and against the smooth blade of the saw, to 
guide it to the line, the saw is then drawn backwaids a few 
inches, with light pressure to make a slight notch, a short gentle 
down stroke is then made almost without pressure In the first 
few strokes the length and vigour of the stxoke of the saw aie 
gradually mcieased, until the blade has made a cut of two to 
four inches m depth , aftei which the entire foice of the light 
arm is employed, the saw is used fiom point to heel, and in 
extreme cases the whole foice of both aims is used to urge the 
saw foiwaid The blade is occasionally greased to lessen the 
friction, the end of a tallow candle being mostly used, or else 
hog s laid smciifd on x pie< c of thick lcathoi 
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In most instances little or no piessnre is directed edgeways 
or on the teeth , and when the effort thus applied is excessive 
the saw sticks so forcibly m the wooct that it refuses to yield to 
the thrust otheiwise than b\ assuming a bow 01 curved foim, 
which is apt permanently to distort the saw fiom the light line 
1 he fingers shouldnevei he allowed to extend beyond the handle 
or they may be pinched between it and the work 

In order to acqune the habit of sawing well or m fact, of 
peifonmng well most mechanical opeiations, it is desnable to 
become habituated to ceitam defined positions Thus m sawing 
it is better the woik should, as often as practicable, be placed 
either exactly horizontal or vertical, the positions of the tools 
and the movements of the peison will also be then constantly 
eithei hoiizontal or veitical, instead of aihitiary and inclined 
In sawing the top of the sawing stool should be hoiizontal, 
the edge of the saw should be exactly peipendiculai when seen 
edgeways, and nearly so when seen sideways, the eje must 
watch nan owly the path of the saw to check its fint disposition 
to depait fiom the line set out foi it If howevei the eye he 
directed either so far fiom the light or left side of the blade as 
to form a material angle with the line of the cut the hand is 
liable almost unconsciously to lean from the e}e, and thence to 
incline the saw sidewa 3 S It is theiefoie best to look so fir 
only on the right and left of the blade alternate h, as to he pist 
able to see the line, and thence to detect the smallest de\iation 
of the instrument at the veiy commencement of its depaituie 
And then, by twisting the blade as far as the saw keif will allow, 
the hack being somewhat thinner than the edge, the tiue line 
may be again returned to , indeed, by want of caution, the saw 
may be made to cioss the line and en m the opposite dnection 
It is however best to make it a habit to watch the blade so 
closely as scarcely to requne any application of the conectional 
or steenng process at all The saw,if most set on the left side, 
or having teeth standing higher on the left side cuts moie 
freely on that side, and has a tendency to run or arcuate to 
wards the left, and undei the reveise circumstances the saw is 
disposed to run to the light 

Thick works are almost always maiked on both sides the 
plank, and the piece is turned over at short intervals, so that a 
portion of the woik is peiformed fiom oach side , the saw cut 
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will then assume a series of slight bends to the right and left 
alternately, and will depait less from the true line, than if these 
disturbances had effect fiom the one side only, and thus pio 
duced an accumulating eiroi, or a line swerving m one dnec 
tion alone, or as a sweep of a large cncle The piactice of 
changing sides with the woik will, under most cncumstances, 
be found to lessen the enois incidental to the process, and the 
practice is therefoie especially desn vbie for begmneis 

The woik is not always placed on the sawing stool asm some 
cases it is laid on the bench, and fastened down upon the same 
with the holdfast or hand screws, and with the intended cut 
situated beyond the edge of the bench, the woikman then 
stands erect and uses the saw with both hands, placing the back 
of the saw towards his person, and sawing fiom it, this with 
many is a favounte position In some cases, especially m small 
and thick works the wood is fixed perpendicularly in the screw 
chops of the bench, and the saw is applied horizontally Ihese 
inodes are both good, inasmuch as they lelieve the mdividuxl 
from the necessity foi holding the woik with the knee, and he 
is less lestiallied m the action of the limbs 

In using the hand saw for prepaung haidwood foi turning, the 
log is either laid on the common X form sawing hoise or else it 
is fixed m the jaws of the tail vice, which latter mode is gene 
rally moie convenient In speaking of shaipenmg the saw, it 
was shown that the points of saw teeth proper foi hardwoods, 
are somewhat less acute than those for deal and oidmary timber 
The remarks on the hand saws have been given m greater 
detail than those which follow, because it is considered these 
instructions will assist m the manipulation of all the other saws 
used by hand 

Figs 684 and 685 represent the narrow tapei saws used for 
cutting curves and sweeps, especially those required m wide 
boards Compared with the generality of saws, these are made 
thicker on the edge and are ground thmnei on the back, to 
allow them moie fieedom m twisting round cuives, the smallest 
of which require the narrowest blades 

Ihe table saw, &ml the compass oi lock satv fig 684, which only 
differ m size, resemble the hand saws m tlieir geneial stiuctuie 
and in the fomis of then teeth, except that the blades are smaller 
and nailower, to allow them to he as a tangent to the cuivc 
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The hey hole or fret saw blade, 685 which is di vwn to the 
same scale as the last, is held m a saw pid 01 a handle hiving 
a stout ferrule with a moitise and screws so that the bl ide may 
be stiongly giasped and as the handle is peifoiated throughout 
its length either the whole or pait onl} of the blade may be 
allowed to pioject The key hole saws aie sometimes fixed m 
a handle like that for a file, which is less pioper 
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The table, compass and key hole saws all require care m 
their use, for if much piessuic is thrown on the teeth they 
stick fast m the mateiial, and a violent thiust is liable to bend 
and permanently injure, 01 indeed, to bie ik the saw s and be 
sides, their paths are the less easily guided, themoie vigorously 
they aie used It would be desirable, if m the narrow taper 
saws with only one handle, we more frequently copied the 
Indian, who prefers to reverse the position of the te( th so that 
the blade may cut when pulled towards him, instead of m the 
thrust this employs the nistiument m its strongest instead 
of its weakest direction, and avoids the chance of mjmy I he 
inversion of the teeth, which in India is almost univeisal, 
is with us, nearly limited to some few of the key hole and 
piuning saws 

Pmmng saivs are often made exactly like the table and com 
pass saws fig 684, recently desenbed, but with teeth which aie 
coarser, thicker, and keener th m those for dry wood 1 he forms 
of teeth, figs 644, and 615, namely the hand saw tooth, and slight 
pitch, are used, and also the double teeth, fig 661, which aie 
rarely employed but fox living timber An excellent modifica 
tion of the pruning saw is to mount the blade at the end of a 
light pole 4 to 6 feet long, so that the edge of the blade may 
forman angle of about 150 degiees with the handle This saw 
may be applied to brandies eight or ten feet from the ground, 
the inclination of the blade just suffices for the onwaid pressure. 
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and the teeth being mveited, the saw cuts m the pull instead 
of m the thrust, which is both more commodious to the indi 
vidual, and fiee from the risk of accident to the blade 


Fig 686 



Many pruning saws are made with blades neaily paiallel in 
width, but as thick again on the edge as on the back, and with 
double teeth, fig 661 The larger pruning saws of this kind, 
fig 686, are mounted as caiving knives or with straight handles 
of buck horn , such blades measure from 8 to 10 inches long, 
and ^ to J inch wide , the smallei kind are made as clasp or 
pocket knrves, and are of about half the dimensions given 

The next group of saws enumerated m the table, are Paiallel 
Saws with Backs those most commonly known are m some 
measure paiticulansed by their names as tenon saws sash saws, 
caicase saws, and dovetail saws they only differ in si 7 e, as 
already shown, and they are represented by fig G87 



The blades of the back saws aie thin, and lequire to be very 
carefully hammered, the handle of the saw is affixed to the 
blade itself by the sciews The back is either a piece of stout 
sheet iron or brass folded together, first as an angle between 
top and bottom tools, and then closed with the hammer upon a 
paiallel plate thicker than the saw When the inside of the 
gioovehasbeen filed to remove the irregulanties,the two edges of 
the back are grasped m the tail vice, and the ridge is hammered 
to make the edges spring together almost as a pair of foiceps 
r l he hack is held upon the blade by this elasticity or grasp alone, 
and the blade only penetrates about half way down the groove 
The general condition of the blade depends m great measure 
upon that of the hack, which should not be exposed to rough 

3 a 
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usage, as a blow on the middle of tin back tends to tluowthe 
blade moie in that pait, and make it elooked on tlu edge, a 
fault that may be in general com c tc d by tapping slightly upon 
the back neai the ends in oida to dim the blsuk tin muth 
inwards at those paits as m tin iiiitin, and balance tlu hist 
erroi When the blade itself is bin kit d, wlnt li is h ns habit to 
occur than with hand saws, tioin tlu molt tan fui manna m 
which the back saws are used, the saw must la t ikt n to pieces 
and the blade corret ted on the anvil as m otlu i t ast s 

The back saws, winch aic muc h employ t d ioi at t mate woiks, 
are often assisted or guided by sawimi him /a m which one or 
moie saw kerfs, that have ban vay t ait hilly math, save to 
guide the blades, consequently this method savts a putt of 
the trouble in marking out the lines to lit e ut, and also of the 
risk of making mcoucct incisions The sawing blue le fig (>H8, 


which is of tin oulmaiy hum, is 
688 a trough math pninlh 1 both liisielo 

and out, and Inning tint < saw kt ifs, 
which an all exactly \ a tit nl llio 
one kt if is at light angh s to the side 
of the bleak, and wives foi tutting 
off pieces, the ends of which aie i< quite d to la pafte tly septate, 
the two other saw kerfs are at angles of IV , and slope opposite 
ways these serve foi cutting unties oi tin be villcd joints always 
employed for uniting mouldings at light angles to each othei, 


as in picture fiames and panels I he woi k is simply In Id dose 
to the further side of the box, and with tlu lino of division 


opposite the saw kerf, the saw is then allowed to puisne the 
direction given by the saw kerf, and wlunt many juues tit 
similar length are wanted, stops are added to the block The 
joiner frequently uses the shooting boaids ti pit sente d on page 
502, for sawing as well as planing, especially when the work is 
to he planed immediately aftci on the same shooting hoaid, the 
saw is then applied parallel with, but slightly in advance of, the 
face against which the sole of the plane mbs 
Before concluding the lemaiks on saws with hacks, fig <187, 
i appears desirable to offei some particulars on the modes of 
constructing tenons and dovetails, fiom whn It most useful anil 
general modes of uniting materials, two of these saws have 
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In a rectangular frame, represented partly finishedm fig 689, 
the tenons are commonly made on the shorter pieces, called the 
mils, and the mot Uses on the longer or the styles, -which are 
always left somewhat longer than ultimately required, to prevent 
them from breaking out, either m making the mortises or in 
-wedging up the fiame In carpentry, the panel is fitted m a 
groove, as at a, and is mseited or planted before the frame is 
glued up, but m cabinet work the panel is fitted m a rebate, as 
at b, and is fixed by slips of wood after the frame is finished 


Figs 689 08o 



When the styles and rails have been planed up to their 
widths and thicknesses, (see pp 498 to 503), the internal length 
of the frame is maiked on the styles at 11, and the width on the 
rails at w w , these lines are sciibed on the four sides of each 
piece, with the square and scnber The additional hnes l' l' 
indicating the ultimate length of the style, are also marked 
The-width of the enlarged tenon 11', is from one half to two 
thirds that of the entue rail, the inner haunch t, is required 
to be lower than the groove or rebate, and the outer haunch t', 
is generally about three times as wide as the inner, to leave 
room for the wedges, and the end wood of the style exterior to 
them Ihe thickness of the tenon is commonly about one third 
that of the style, but from the mode of work, its actual thick 
ness, if not exceeding about f inch, becomes exactly the same 
as the width of the mortise chisel employed 
The appropuate chisel having been selected, the gage lines 

8 a 2 
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g g , corresponding with its width are gaged on each edge of the 
styles and rails Frequently the mortise chisel is slightly stuck 
into the woik to imprint its own width by which to adjust the 
gages, and eveiy piece is gaged fiom the face side so th it when 
the whoie aie put togethei they may be flush with one another 
The several styles to be mortised if small as m cabinet work, 
are placed side by side with their inner edges upwards and aie 
fixed upon the bench with the holdfast, the mortises aie then 
commenced near the outer end, m' 690 The styles, if huge 
as m carpentry, are placed upon the stout mortising stool the 
workman sits upon them and begins near the inner end m 
The mortises aie made half way through from the inner side 
of the rails, and are completed from the outer , and the opera 
tioxus by no means difficult provided the mortise chisel which 
although narrow is very thick and strong, is kept exactly per 
pendrcular to the side of the wood and truly to the gage lines 
The chisel is mostly held with its face towards the operatoi and 
the fiist cut is perpendicular and about one sixth from the end 
of the mortise, as at a, fig 690 , the chisel is driven with two 
or three blows of a mallet of proportionate size, the second cut 
is inclined, as at b, and between each of the inclined blows the 
chisel is moved to loosen the chips By the two cuts a tnan 
gular poition of wood or a core is loosened, and which is pnzed 
up by thrusting the clnsel backwards through the dotted arc, 
the bevil or bulge of the chisel then resting upon the angle of 
the wood as a fulcrum 

The neighbouring lines m fig 690 show the successive cuts 
employed m making the moitise , some woikmen prefer taking 
the cuts a and b alternately always pnzmg up the chips by 
thiustmg the chisel from them, after each cut b others prefer 
taking most of the cut a, at an earlier stage of the woik When 
the triangular incision reaches half way through the wood, it is 
extended m length either by sloping cuts with the chisel, as at ?>, 
or with perpendicular cuts, as at c 

At the completion of the inner half of the moitise, the face 
of the chisel must he applied exactly perpendicular at each end, 
as a and c, and m releasing the shavings, the handle is moved 
towards the center of the moitise using the cutting edge as the 
fulcrum, and not the angle of the wood, which would be thereby 
bruised The style is now turned over and the remaining half 
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of the mortise is completed but the outer ends aie bevilled for 
the reception of the wedges, as marked m the diagiam The 
mortise is mostly left from the mortise chisel, although when 
the two incisions do not exactly meet it is needful to pare down 
the inequalities with an ordinary chisel 

The cutting of the tenon is less difficult of explanation than 
the moitise The slioulcleis 01 the tiansverse cuts of the tenon, 
aie generally made with the dovetail or carcase saw, whilst the 
rail lies on the bench against the sawing stop or a peg near 
the comei of the bench the rail may be held with the holdfast 
lfpiefened The side or longitudinal cuts are usually made 
with the tenon or sash saw, the rail being then fixed perpen¬ 
dicularly m the bench screws 

These cuts, which remove two thin rectangular pieces called 
cheeks, should be made with great accuncy and so as just to 
avoid encioachmg on the gage lines, as the tenon is left from 
the saw, 01 at most the angle is cleaied out with the corner of a 
clnscl applied almost as a knife 

The hmnehes aie marked by laying the end of the rail m 
contai t with the gage lines on the mnei side of the style, and 
marking the tenon fiom its corresponding mortise 

Xenons and moitises do not m all cases extend through the 
wood and as they cannot be then wedged up, they have to 
depend exclusively on good fitting or surface contact, and the 
glue, m many cases also, sciew bolts, straps, and wooden pins 
aie used to chaw the tenon into the moitise m vanous ways, 
subjects that aie too vaned to be here particularized 

In mortises that are wider or deeper than usual, it is a com 
mon practice to lemove a portion of the wood with center bits, 
01 nose hits, and to complete the mortises with firmer chisels 

Dovetailed joints aie employed for uniting the ends of boaids 
at right angles to each other as m boxes, drawers and name 
rous other works r lhe aovetmls are made of several forms , 
thus fig 091 is a kind of factitious dovetail in which the boards 
are fust miticd, or then edges are planed at the angle of 
4 r ) degrees, and slightly attached by glue or otherwise a few 
cuts leaning alternately a few degrees upwards and downwards 
are then made with a hick saw upon the angles, pieces of 
veneei arcafteiwaids glued and drawn into the notches Tliifj 
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method is principally employed m toys and very common woxks, 
which are then said to be mitred and keyed the hold is much 
stronger than might be expected 


Figs 691 692 693 g 



Fig 692 1 epresents the oidmary dovetail joints p fig 693, the 
pms, and d fig 698 the dovetails of which the same is com 
posed In some cases the pms and dovetails are neaily alike m 
size, and this makes the strongest attachment, but m jomeiy 
and cabinet work, the dovetails are made on the fiont or moie 
exposed part of the vork, and the pms are cut of onlv one 
fourth oi less the size of the dovetails m ordei that but little 
©f the end wood may be seen Usually the pms aie the first 
made , as m making ordinary dovetails as well as tenons, 
the surfaces are left from the saw, this instrument must be well 
applied to produce the close joints met with m works of the best 
quality 

In setting out dovetailed works, the sides and ends of the 
box aie first marked across on both sides with the gage or 
square at g g which lines indicate both the inside measuies of 
the box and the bottoms of the pms and dovetails, the poitions 
beyond the lines are left a trilie longer than ultimately leqiuied 
Very little care is taken in setting out the pms, indeed, then 
distances are usually marked with a pencil, without the lule or 
compasses, and the two external pms are always left nearly as 
strong again as the others 

One of the ends, fig 694, is fixed upright m the bench 
screws, and the pms are sawn as shown at a a These saw cuts 
are made exactly perpendicular, and teimmate upon the gage 
lines, but horizontally they are sloped opposite ways, so that 



SAWING AND CUTTING DOVETAILS 


7X9 


very pm is about as wide again on the inner as on the outer 
ide of the front of the box The wood between the dovetail 
>ms is genei ally cut out with the bow or turning saw leaving the 
pace as at b fig 694, and the spaces are then pared out with 
he firmei chisel from opposite sides as at c, the chisel being 
>laced exactly on the gage lines but slightly overhanging, so 
hat the insides aie cut hollow rather than squaie, tomsuiethe 
xact contact at the mnei and outer edges of the dovetails 
When the wood between the pins is removed entnel} with 
he chisel, this instrument is dnven with the mallet peipendicu 
ally into the wood just m advance of the gage line, and sloping 
uts aie then made to foim a notch half way through the wood 
s at/ and when the space has been thus cleared, a more careful 
ertical cut is made exactly upon the gage line itself, as m the 
oimer case 



The dovetails are next marked ftom the pins and thus become 
hen exact counterpaits In marking the dovetails, the float piece 
l fig 695 is laid upon the bench and the pins m p are placed 
xactly veitical, and m their intended positions, and lastly, the 
cnber is passed along the two sloping sides of every pm The 
jage lines aie followed with the dovetail saw, the waste of the 
ool being taken fiom the hollows, so as to leave the gage lines 
ilmost standing the hollows between the dovetails aie now 
emoved with the chisel unless the work is veiy large, when, as 
n cutting away the wood between the pms, the frame saw 
nay be pieviously employed 

As the gage lines aie almost left m sight the pms and dove 
ails are mutually a trifle too laige so that m dmmg them 
ogether, they somewhat compress each other, and pioduccthat 
lose accurate contact to be observed in good woiks, and which 
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gives rise to so much, surface friction that the glue might m 
some cases be nearly dispensed with between the joint but if 
the pins are left too large, they split the wood 

WhiLt the chisel is being employed m dovetulmg it is usual 
to lay the several pieces of wood upon the bench with their ends 
slightly extending beyond each othei, like a flight of steps, an 
arrangement that admits of eveiy edge being readily seen and 
operated upon, the pieces are fixed m this position bj the hold 
fast, and when they have been cut half way thiough, they are 
turned ovei and finished from the other side 

Figs 696 to 701 represent m plan, and m one group, the 
several ways of dovetailing the edges of boxes and similar woiks 
fig 696 is the mitre and key joint, and fig 697 the common 
dovetailjomt already spoken of m which the pins and dovetails 
are both seen from the outside of the box In the four other 
kinds the parts are more or legs concealed, and they may be con 
sidered to increase m the difficulty of construction, m the older 
m which they are repiesented It is supposed that the pms 
which are on the uppei pieces marked p aie made befoie the 
dovetails on the pieces d, and before scribing which lattei from 
the pms, chalk is rubbed on mahogany and other daik woods, 
to make the lines more conspicuous 


Figs m 697 698 699 700 701 



Fig 698 is the half lap dovetail which is much used for the 
front of drawers The pms m p or the front of the diawei, are 
fiist maiked, and the wood is also gaged at the end to denote 
howfai the pms shall extend inwards the saw can only be used 
obliquely, as shown by the dotted line, and the pms aie finished 
with the chisel applied on the lines a and d When, however 
the drawer front is to be veneeied, the pms are often sawn quite 
through on the line d as the pms may be thus more easily cut 
and the veneer conceals the saw kerfs m the diawer front The 
dovetails on the sides of the drawer, or d, aie aftei wauls maiked 
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and cut as m tlie fust example, fig 697, but of their exact 
lengths 

In fig 699, sometimes called the secnt dovetail, the pins and 
dovetails aie both concealed, as neither of them extend through 
the woilt the saw cm be only used at the angle of 45 degrees, 
eitliei foi the pins or dovetails, and most of the woik is done 
with the chisel lhe angle is filled m with a corner line 
The lap dovetail fig 700 is often used for writing desks, and 
snnilai woilcs with rounded edges, and not having corner lines 
the fiont of the desk or p, is fust rebated out to leave the lap, 
the pms are then made m this piece, and the doietails aie aftei 
waids seabed on d, and made as in the last case, only a small 
portion of the end wood is then seen at the ends of the desk, 
and this ism gieat measure removed fiom observation when the 
angle is rounded 

The mitre dovetail fig 701, requires each piece to be rebated 
out square, as in p fig 700, and after the pms and dovetails 
have been respectively made the square rebates are converted 
into a mitre joint with a lebate plane When finished, neither 
the pms,nor the modes of then concealment are distinguishable, 
and the work appears to have a plain mitre joint 

When the hd of a box lias a dovetailed 11 m, oi that the box 
and hd only differ m lespect to depth, the box is technically 
said to have a tea chest top, and four pieces of wood, sufficiently 
deep to make both the box and its covei, aie then dovetailed 
together m either of the ways before mentioned When the top 
and bottom of the box aie also added, the six pieces present the 
appearance of a rectangulai block, and which is known as 
a caicase, a term also applied to other entire framings The 
saw used in cutting open the carcase, or m separating the top of 
the box from the bottom, is thence called a carcase saw 

This mode of work, besides saving much of the labour of 
dovetailing, ensures the exact agreement m size, and the geneial 
correspondence of the two paits, which it would be moie difih. 
cult to obtain if they were separately made, especially m sloping 
woiks, such as poitable wilting desks and others of similar 
character 

In every case wlieie the box and the lid are made together, 
the line of division is gaged on the four sides extenorly, and 
one of the dovetail pins is placed upon that line, but it is made 
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fully as wide again as the others, to admit of division, and yet 
be of the ordinaly size If the joint pm were made as usual, or 
left square, the caicise, on being cut open would exhibit the 
rectangulai lines of the pm and dovetail, to avoid which the 
joint pm and dovetail should be pared aw ay to the mitre, and 
then the cover and the box will also exhibit a mitie joint 

The top and bottom aie fitted m vanous wajs sometimes 
they aie glued on the square edges of the sides but generilly 
the sides and the top aie both rebated, just as represented m 
fig 700 on the supposition that p is the top and cl the side of 
the box 01 they are rebated and mitied as m fig 701 

A box made as above described with mitred dovetails, with 
untied joint pms and with the top and bottom rebated and 
untied would not show any joint, eithei within or without the 
box except those constituting the margins of the twelve supei 
ficies of the woik in fact the joints would alone occui at the 
several angles, and escape obseivation, as will be apparent from 
the inspection of figuie 701 

Such a box if neatly made, would be a finished specimen of 
woilt, but so muchcaie is seldom taken, and it is more usual to 
employ cornel lines and lipping* to conceal the joints oi else to 
cover the box with veneers, and all of winch are sometimes 
mitred In these cases the intenoi frame or the caicase of the 
box is of common mahogany, and dovetuled m the naannei of 
fig 697 or m very mfenoi works, the fabnc is of deal attached 
by glue and brads, the puncipal reliance being then placed on 
the \ eneer for uniting the paits and concealing the delects 

Having concluded this long but impoitant digression, lespeet- 
mg the foiwation of tenons and dovetails the consideration will 
be now resumed of the saws enumeiated m the table on page 699 

The smiths screw head saw, fig 702, which, m the table 
follows the back saws last noticed, differs from them m piopoi 
tions, and also m the handle, which resembles that of a file, the 
blade is generally also thicker and harder, to accommodate it to 
its work Some of the screw head saws aie made considerably 
smallei than those noticed m the table, the blade being a piece 
of watch spring fixed m a brass back, but these little tools are 
generally made by the watch maker, or other artizan lequirmg 
them * 
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In all screws that are made in the turning lathe, it is 
desirable, m separating them fiom the neighbouimg metal, to 
use the turning tool and to nick them m rather small behind 
the head The little neck that is left, is broken through, just 

Fig 702 | : EH) 

flattened with a file and then slightly notched with a tuangular 
file, as an entry for the screw head-saw by these means the 
usk of notching the head otherwise than truly diametrical is 
a\ oided 

The comb cutters double saiv shown m profile m fig 704, 
and m section on a larger scale m fig 703, is called a ei stadda 
and has two blades so contuved as to give, with great facility 
and exactness, the intervals between the teeth of combs, from 
the coarsest to those having from 40 to 45 teeth m the inch 
The blades of the saw or its plates , aie made of thick steel, 
and are ground away on the edge as thin as the notches in the 
comb, either in the manner of a oi 6, and they hive about 10 
to 20 points m the inch, of slight pitch fig 04 4 The plates are 
fixed m the two grooves m the wooden handle or stock by 
means of the stuffing, either two long wooden wedges oi folds 
of brown paper, the plates would rest m contact but foi the 
introduction of the thin slip oi tongue of metal l , called a 
languid , which is of the thickness of the teeth lequued m the 
comb, the one blade is m advance of the other fiom T yth to 



|th of an inch At the first process a notch nearly of the full 
depth is made m the comb c , and a second notch is commenced, 
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at the next piocess the notch m advance is deepened, and a 
third commenced, and so on consecutively 

Hie gage saio or gage vid is used to make the teeth square 
and of one depth Ihe saw is frequently made with a loose 
back, like that of ordinary back saws but much widei, so that 
for teeth ~ f f inch long, it may shield ill the blade except 
i f f inch of its width respectively and the saw is applied 
until the back prevents its furthei progress Sometimes the 
blade has teeth on both edges and is fixed between two parallel 
slips of steel connected beyond the ends of the saw blade by two 
small thumb screws as in fig 705 the less common mstru 
ment is lepiesented, because it is useful foi other purposes 

Double saws, fig 70b, analagous to those of the comb maker 
have been also frequentlj applied to cutting metal racks similar 
to those used m an pumps Ihe blades, which m 706 aie 
shaded are as thick as the widths of the spaces, and are sepa 
rated, by a parallel slip of metal, represented white exactly 
equal to the thickness of the teeth the scpaiatmg slip also 
serves as the stop to make the teeth of one depth fiom the 
smface, the three paits are stiongly united b} two or moie 
screws, or bolts and nuts The rack saiv if carefully made 
fulfils its work with considerable accuiacy, the dotted lines at a, 
denote the succeeding step, those at b the squaie notches when 
completed, and c the teeth when rounded, which is done aftei 
wards with a file In modem piactice, however the teeth of 
wheels and racks are usually cut and rounded at the one process, 
which is peiformed m appiopnate machines 

Ihe third division of the table on page 699, refers to parallel 
saws used m frames, of which the measures are tabulated 

The saw frames of these and other lands keep the blades 
straight give them tension and enable the force to be applied 
virtually as m the Indian saws, or by pulling the blades, thereby 
avoiding the risk of buckling them From these several leasons 
the blades of fiame saws may be made veiy thin, consequently 
they act with less labour and waste, and may m gencial be used 
more vigoiously than those saws having only a thrusting handle 
at the one end The blades aie sometimes left a tulle tlnckei 
where the pms are to be inserted and these puts are softened 
by being pinched between led hot tongs, prior to dulling the 
pm holes by winch they are att rolled to their frames 
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The mill saw and mill saw web at the beginning of this gioup 
are used m veitical saw machines, which will be described m 
the fourth section of this chapter It will suffice here to observe 
that the first or mill saws, which are the laigei and stouter 
are emplo}ed for sawmg round timber into thick planks, and 
the mill saw webs, foi cutting deals into thin boards 

The veneer saw formerly m use at the saw pit was except¬ 
ing the blade, a copy of the pit frame saw, fig 676, p 703 and 
skilful sawyers would therewith cut about six veneeis from the 
solid inch of wood Smaller veneei saws more neaily resembling 
that shown m fig 708 were also used by cabinet makers who 
would cut seven or eight veneers m each inch from smaller 
pieces of wood, fixed upright m the chops of the bench, two 
individuals being mostly required The hand veneer saws are 
now scarcely used m England 

The chairmake'i 9 s saw is in general a diminutive of the ordinary 
pit saw and has a cential blade stiained by buckles and wedges 
The woik is fixed horizontally upon the bench by the hold fast, 
the saw is grasped by tlie side rails with both hands, and 
with the teeth from the operator, who stands m the erect 
posture He can thus saw with great rapidity and accuracy all 
straight and slightly curved pieces not exceeding m width half 
the span of the frame, which is sometimes neaily as wide as the 
length of the blade The wlieelwiiglit employs precisely the 
same saw for cutting tlie felloes of wheels the timber, wide 
enough for two felloes, is then fixed m the ordmaiy tail \ice 
The three following figures represent diffeient kinds of frame 
saws, in which the blades are neither strained by buckles and 
wedges, nor placed centrally, as in those hitherto considered 
There is a central rod or stretcher, to which are mortised two 
end pieces that have a slight power of rotation on the stietchei 
the end pieces are at the one extremity vanously adapted to 
receive the saw, and at the other they have two hollows foi a 
coil of stung, m tlie midst of which is mseited a short level 
On turning round this lever the coil of string becomes twisted 
and shoitened, it theiefore draws together those ends of the 
cross pieces to which it is attached, whilst the opposite ends 
fiom separating, stiam the saw m a manner the most simple 
yet effective The tension of the blade is retained by allowing 
the lever to rest in contact with the stretcher, as represented, 
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but when the saw is not in use, the string is uncoiled one turn 
to relieve the tension of the blade and fiame, one or other of 
which may be broken by an excessive twist of the string 

In the wood cutter s saw , fig 707 the end pieces aie much 
cuived, and one of them extends beyond the blade, which is 



embedded m two saw kerfs, and held by a wire at each end 
the blade is therefore always parallel with the fiame of the saw, 
which is mostly used vertically The end piece alone is giasped 
at r and l by the right and left hands lespectrv ely, the wood is 
laid in anXfomi sawing horse, and is sometimes held by a 
chain and lever or less frequently in a strong pair of screw chops 



The Continental frame saw used abroad for the general pur 
poses of caipentry and cabinet making, is shown m fig 70R, 
m the largest of these the blades aie about three feet long, one 
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and a half to three inches wide, and very thm and others as 
small as half those sizes are also used Hie wooden handles 
h h shown also detached and of twice the size at have cylin 
* ducal stems, which pass through the end pieces, they are cut 
through longitudinally for admitting the sheet lion T form 
clamps, which aie each held by a rivet passing through the 
handle outside the frame the blade is fastened between each 
pan of clamps by a pm or screw 

The handles being cylindrical, the saw can be placed at all 
angles with regard to the frame, and may therefoie be employed 
for cutting off pieces of indefinite length, provided the} do not 
exceed the width from the blade to the stretchei, which latter is 
forked at the extremities to embrace the cioss pieces, and this 
allows it to be shifted nearer to the string when required for 
wide pieces Befoie using the saw it should be observed to 
place the blade exactly m a plane 01 out of winding 

Most of the woiks performed in England with the hand saw, 
the tenon, dovetail, and similar saws, are abroad accomplished 
with frame saws of vanous sizes, the pieces are mostly fixed, 
either to or upon the bench, and the contrivance foi holding long 
woiks, shown m fig 709, is also general on the Continent 



The woik to be sawn is passed through the triangulai opening 
m a wooden frame, nearly m the foim of the letter A > when the 
fiame and work lie at an obtuse angle, they constitute a three 
legged stool The upper edges of the board become wedged 
fast m the angular sides of the triangle, and the lowei side of 
the board lests on the cross piece of the supposed letter, which 
may be placed at various heights, according to the size of the 
woik, as it rests on two moveable pegs In sawing small woiks 
the man rests his knee on the woik neai the top of the frame 
and the board is changed end for end when sawn through half 
its length Tiiangular fiames, with various modifications, are 



728 


turning or sweep saw, ivory saw 

also commonlv used abioad instead of the saw pit, but our own 
occasional method namely, a pair of tiestles about six feet 
high is much better as each of the sawyeis is then far moie 
favourably situated than when the timber is placed aslant * 

The turning saw, 01 sweep saio, fig 710, which is also called the 
fiame saw oi bow saw, lesembles fig 708 except in its smaller 
size and gieater proportionate width of fiame tins will be 
apparent, as the figuies are diawn to the same scale 

Its handles have alwajs cyhndiical wires that pass tlnough 
the end rails, the wires aie sawn diametrically to admit the 
saw blade, and are dulled tiansveisely foi the pins frequently 
the one handle has an undercut notch, as represented on a 
larger scale so that the saw may be removed sideways fiom 
the one handle, and allowed to move as on a joint upon the 
other, a provision that is often turned to a useful account 
In using the bow saw the work is mostly fixed veitieally, and 
theiefore the blade is used horizontally, but the frame is placed 
at all angles, to avoid the margin of the work, and it is fre 
quently necessary to twist the handles oi pins during the cut, 
to modify the position of the frame It often happens that the 
cut has to be commenced from a hole oi apeituie, m which case 
the tension of the blade is relieved by a turn of the stretcher, 
and the saw is disconnected at one end foi its mtioduction 'I lie 
disunion of the blade is also convenient for withdrawing it side 
wavs without the tedious necessity foi lctiacmg the toituous 
course by which it may have entcied the woik 


It still remains to notice those saws, the frames of which 
may be considered to be slightly flexible, and to foim the thue 
sides of a rectangle Ihe uoiy saw, which has been already 
figured and descubed at pages 14G and 147 of the first volume, 
is the largest of this land, and the full paituulais have been 
there given, of its use m the prepaiation of ivoij Sometimes 
the frames of saws for ivory are made of noil, and without the 
adjusting screw clamp , the fiame is then sprung mwaids by 
means of a long hook whilst the saw is inserted 


These and relative matters are fully desenbed and figured by A It I my m 
his TmMcleVAitdela Chaipentcuc Pins, 18J7 llatos 2 to 11 
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The smith s frame saw, fig 711 is neaily a copy of the saw 
last referred to, and it almost always possesses a sciew and nut 
for stretching the blade 

The mode of using the saws, for metal, is the reverse of that 
in saws for wood, as for metal, the motion should be slow, and 
the pressure somewhat consideiable, and the necessity for each 
of these conditions increases with the hardness of the material 
The saw is almost invariably moistened with oil 01 tallow grease 
and m the back strokes the pressure on the blade is discon 
turned, but the saw is not raised fiom the bottom of the notch, 
in this respect the action resembles that of the file 

The smith s frame saw is the common instrument used in 
metal works for the removal of pieces that are m excess, and in 
many cases instead of the whole substance being cut through, a 
notch is made on two sides of the work, and the center part is 
bioken This saw is also used for making notches and grooves, 
much the same as m cabinet work but except in small works, 
pieference is given to the figuration of materials by casting, 
forging, and other modes already described 



The side frame saw, fig 712, although far less common, is 
greatly preferred by some workmen , thus, m making the joints 
of drawing instruments, much depends on the correct use of the 
frame saw, by which the notches are made for the reception of 
the steel plates used m the joints, and fig 712, m which the 
blade is more immediately under observation, is preferred to 
fig 711 For routing out the concave pait, a saw like fig 713 
is used and inserted a little way into the joint, until the holes 
m the joint and tool are sufficiently opposite to admit the end of 
a taper pin , the joint saw or router is then moved to and fro, 
and as the concavity is cut away, the pm is set foiward until its 
cylindrical part causes the two holes to be exactly opposite, and 
then the work is completed 

3 B 
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PIERCING SAW AND PIERCED WORKS 

Piercing saw Wades commonly measure from 3 to 5 inches 
long, and they are fixed m very light frames, such as fig 714, 
which are fiom about 2 to 4 inches deep fcom the saw to the 
back, in some instances piercing saws exceed the depth of 
8 inches, as in m, fig 710 The blades are fixed between small 
screw clamps, the inner sides of which are mostly cut like files 
Sometimes, as m fig 715, the clamp near the handle is extended 
as a wire through the handle, and is tightened by a nut at the 
extremity, somewhat as m a violin bow , but m geneial the slide 
is considered sufficient and preferable, as when it is loosened 
the tension of the saw can be appreciated with the fingers, and 
retained with the thumb screw 



Some kinds of silversmith s works are pieiced with this mstiu 
ment, and embellished with the graver When the design is 
original, the engraving is usually first done, and the interstices 
are cut out with the saw But for the convenience of repetition 

recourse is had to brass pattern plates, pierced and engraved 
like the finished work, the brass pattern is laid on the work, 
and all its interstices are marked through with a fine scuber 
In copying designs from any aiticle of silver, the new piece is 
laid upon the original the interstices of which are smoked 
through with a lamp and m curvilinear works that cannot he 
pierced while straight, the pattern is dabbed with printing ink, 
a paper is laid thereon, and rubbed on its upper surface with a 
burnishei the paper thus printed is then pasted upon the 
object to he pierced The undei side of the original is printed 
from, to make the copy direct and not reversed 

The outline having been obtained by one of the above modes 
a hole is made with the breast drill m every piercing, and whei e 
practicable, the holes form the circular terminations of the 
apertures The several cuives are then followed with the saw, 
which is used vertically, and with the handle downwards, whilst 
the plate is held horizontally upon the pm of the jeweller's 
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bench with the fingers, in order that both the work and the saw 
may be freely twisted about m sawing out the several parts 
Ihe silver piercer sits at the silversmith s and jeweller s ordi 
nary work bench, formed like a round table, with four or six 
semicirculai scollops, about 18 inches diameter around it the 
pms 01 small filing boards, are about 3 inches square, and pro 
ject inwards into the bottoms of the bays or scollops, each of 
which has a skin or a leather bag nailed around its edge, that 
serves to collect the filings removed fiom the work 

This form of work table is adopted m order that a central 
lamp may serve for the foui or six workmen, each of whom has 
a glass globe 6 to 8 inches diametei, filled with water, to act as 
a condensing lens, and direct a strong light to the spot occupied 
by his work Spirits of wine are added to the water, to prevent 
it from freezing and bursting the globe The benches are fre 
quently made semicircular, and placed against a window, as the 
circular bench requires a sky light 

The amateur can employ m piercing, a small square filing 
board with a fillet beneath, by which it is fixed horizontally 
m the oidinaiy vice Should he prefer fixing the work, it may 
be still held honzontally, provided he employs a hand vice, and 
pinches it by the half of its joint m the tail vice, so as to place its 
jaws honzontally In passing xound the small curves, the stiokes 
ot the saw must be short quick, and feeble, m the larger curves 
the full length of the blade may be more vigorously used 
Some of the very minute pierced works are dulled and then 
finished with small files, as m the plates formerly used for 
covering the balances of watches, but in general the file is not 
used Ihe pieicmg saw is also employed for cutting out small 
escutcheons and other pieces foi inlaying 

Fiom the pierced works, appear to have been derived those 
inlaid works consisting of curved and flowing lines, which are 
produced by a method that may be called counterpart sawing , 
and m which two plates of differently coloured materials, whether 
wood, metal, lvoiy, toitoise, or peail shell, aie temporarily fixed 
together, and then cut tluough at the same time with a fine 
hair like saw By this process the removed pieces so exactly 
concspond in form with the respective perforations, that when 
the two colouis are separated and interchanged, the one ma 
temil founs the ground, the other the mlay or pattern, and 

3 b 2 
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vice versa and the pieces fit so nearly together, that the route 
of the saw is only visible as a fine line on close inspection 
These works receive the general name of inlaid or marquetry 
works and also the specific names of buhl works and reisner- 
works, from their respective inventors * 

The saws used m piercing and inlaying scarcely differ but m 
size thus, the black line m, m fig 716 is drawn from a large 
piercing saw of metal, and the dotted line w , from an ordmaxy 
buhl saw of wood the former measures eight inches from the 
blade to the frame the latter twelve or sometimes twenty inches, 
to avoid the angles of large works The wooden frames axe 
made of three pieces of wood, halved and glued together to con 
stitute the three sides of a rectangle, after which two pieces are 
glued upon each side, each at the angle of 45 degrees across the 
corners the whole, when thoroughly dry, is cut round to the 
form represented The screws for giving tension to the blade, 
although commonly added, aie seldom used, as the frame is only 
sprung together at the moment of fixing the saw, and by its 
reaction stiffens the blade 

The buhl cutter sits astride a horse, or a long narrow stool, 
fig 717, having near the one extremity two vertical jaws lined 
with brass at the top , the one jaw is fixed, the other is notched 

* The term marquetry seems to be employed to designate all kinds of inlaid 
work known m France as maiquetene en bois and marquetene en m6tal It 
includes not only the works of counterpart sawing m which flowers animals, 
landscapes and other objects are represented in their proper tints, by inlaying 
and without the aid of the artist s pencil but it also includes those geometrical 
patterns composed of angular pieces laid down in succession more after the manner 
of ordinary veneenng and amongst which the specimens of pai quetage, or inlaid 
floors appear to claim a place 

Boule work and Reisner work are considered by the virtuosi to apply exclu 
sively to the works of two celebrated ebemstes of those names both settled m 
France the former an Italian m the reign of Louis XIV the latter a German 
m the time of Louis XIV to XV Their cabinet works were as much celebrated 
for their graceful forms or outlines as for their embellishment with inlaying 
Boule mostly employed dark coloured tortoise shell mlaid with bi ass inflowing 
patterns occasionally ornamented with the graver Keisner used principally as 
the ground tulip wood (called in France bois de rose ) inlaid with flowois m dark 
woods grouped m a much less crowded manner than m ordinary marquetry 
Reisner occasionally combined therewith bands and margins m which the woods 
were contrasted as to the direction of the gram as well as colour 

The terms buhl or bool work appear to be corrupted from boule, and now refer 
to any two materials of contrasted colours inlaid with the saw, and which, m 
France would be called by the general name of mai quetene 
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below, and springs open when left to itself, but is closed by a 
strut, which is loosely attached to the stool by a tenon and 
mortise, and rests m a groove m the moveable jaw ’When the 
strut is pulled downwards, by a string leading to the treadle, it 
closes the flexible jaw of the vice In the plan the jaws are 
inclined some twenty degrees, so as to be at right angles to the 
path of the workman s light hand 



In the following descriptions of counterpart sawing, the several 
methods will be noticed m that older which appears to offer the 
most facility of explanation, regardless of other considerations 
In buhl work thepattcrns generally consist of continuous lines, 
of which the honeysuckle ornament may be taken as a familiar 
example To make this, two pieces of veneer of equal size, say 
of ebony and holly, are scraped evenly on both sides with the 
toothing plane, and glued together with a piece of paper between, 
for the convenience of their after separation * Anothei piece 
of paper is glued outside the one or otliei veneer, and on which 

* Veneers, like other thin plates, are pinched by one corner with a screw clamp 
to the table or bench the tools are applied from the fixed end in order that they 
may pull the material and keep it straight instead of forcing it up m a wave- 




734 


ORDINARY PRACTICE 037 BUHT CUTTING 


the design is sketched, a minute hole is then made with a 
sharp pointed awl or scnber, foi the introduction ot the saw, 
that spot being selected m which the puncture will escape 
observation 

The bnhl cutter being seated on the horse, the saw is inserted 
m the hole m the veneers, and then fixed m its frame, the work 
held m the left hand, is placed m the vice, which is under 
control of the foot, and the saw is grasped m the right hand, 
with the fore finger extended to support and guide the frame 
the medium and usual position of which is neaily honzontal 
and at right angles to the path of the saw 

The several lines of the work are now followed by short quick 
strokes of the saw, the blade of which is always horizontal, but 
the frame and woik are rapidly twisted about at all angles, to 
place the saw m the direction of the several lines Considerable 
art is required m designing and sawing these ornaments, so that 
the saw may continue to ramble uninterruptedly through the 
pattern, whilst the position of the woik is as constantly shifted 
about m the vice, with that which appears to be a strange and 
perplexing restlessness 

"When the sawing is completed, the seveial parts are laid flat 
on a table, and any removed pieces are replaced The entire 
work is then pressed down ^ith the hand, the holly is stupped 
off m one layer with a painter's palette knife, which splits the 
papei, and the layer of holly is laid on the table with the paper 
downwards, or without being inverted 

The honeysuckle is now pushed out of the ebony with the 
end of the scnber and any minute pieces are picked out with 
the moistened finger these are all laid aside , the cavity thus 
produced m the ebony is now entirely filled up with the honey 
suckle of holly, and a piece of paper smeared with thick glue, 
is rubbed on the two to retain them in contact Ihey aie 
immediately turned over, and the toothings or fine dust of the 
ebony are rubbed in to fill up the interstices , a little thick glue 
is then applied, and rubbed in, first with the finger, and then 
with the pane of the hammer, after which the work is laid aside 
to dry 

When thoroughly dry, it only remains to scrape the bottom 
with the toothing plane or, when the work is small, with its 
iron alone, and then the buhl is leady to be glued on the box 
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or furniture m the manner of an oidinary veneer, as already 
explained, when the work is again dry, it is scraped and 
polished Exactly the same loutme is pui sued m combining 
the holly ground and the ebony honeysuckle, and these con¬ 
stitute the counter or counterpart buhl , m which the pattern is 
the same but the colours are reversed 

It is obvious that precisely the same general method would be 
pursued to make four satm wood honeysuckles at the respective 
xngles of a rose wood box , the veneers for which would be then 
selected of the full size and glued together with paper intei 
posed To ensure the exact similitude of the several hone} 
suckles, one of them having been cut out would be printed fiom, 
by sticking it slightly to the table, dabbing it with printing ink, 
and then taking impressions, to be glued on the other angles of 
the box at their exact places The counter would have, in this 
case, a satm wood ground, with the honeysuckles m rosewood 
To advance another stage, three thicknesses of wood may be 
glued together, au rosewood, mahogany, and satm wood, and a 
center ornament added to the group of four hone} suckles The 
three thicknesses when cut through split asunder, and re com 
bmed, would produce three pieces of buhl woik, the grounds of 
which would be of rose wood, nnhogany, and satin-wood, with 
the honeysuckle and centre of the two other colours respec 
tively Such are technically known as woiks m three woods , 
and constitute the general limit of the thicknesses, but the 
patterns consist of many more parts than here supposed 

In a series of tluee woods m the possession of the author, or 
tlnee veneers, cut and interchanged as above explained, the 
thiee tablets each present forty eight different pieces and by 
the introduction of a bioad arabesque band, the ground con¬ 
sists of a central panel of one colour, and a margin of another 
It is the general aim so to arrange the design as to have about 
an equal quantity of each coloui, to make every combination 
effcc tive, or without the predominance of any one colour 

Bctore glueing such woiks together, it is sometimes required 
to take off a punted impression for future use m such cases 
one thickness is entirely stripped off, and those pieces of this 
thickness which best displa} the character of the pattern, are 
slightly glued on their coiresponding places on the two thick 
nesses, and pioject tlierefiom m the manner of type , so that 
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they alone receive the punting ink and return it to the paper 
pressed upon them with the hand, or with a tool handle used as 
a burnisher 

Brass borders, technically known as Vandykes are worked m 
narrow slips, and m other respects as above except that unless 
a small hole is dulled through the brass and wood for the saw 
it is allowed to cut its own path from the outside edge of the 
materials and which is more usual The true buhl or the wood 
ground with brass scrolls, is laid down m foui 01 mon pieces 
around one box or panel, and the counter, or the brass gi ound 
with wood scrolls, upon another 

When the material is small and costly as pearl shell it 
becomes necessary to use two 01 seveial pieces, accuiatcly plat od 
edge to edge, to cover the entne suiface to be oinamented, and 
the joints are placed where least observable in the pattern 
The paper knife, fiom part of which fig 718 was diawn requiied 
eight pieces of pearl shell in using this material, a hole is 
made m the wood close against the peail, and the saw is sent m 
from the edge of the same The counter, when glued on anothc 1 
veneer, is not inlaid of the irregular angular form of the rough 
pieces of pearl but it is cut aiound the general margin of the 
pattern as at the one pait of fig 719, which repiesuits the 
counter to fig 718 

Tig 718 thebullo tnebull 



Fig 719 tie count or CO nterp tb xhl 



Sometimes, to give additional elaboration and minuteness, the 
saw is made to follow all the device of the counter, and leave a 
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narrow line of pearl both within and without this is called 
internal cutting, and is represented m figuie 719 but m 
general, the counter fails to present the same good effect as 
that of the true buhl, m which the drawing of the ornament 
is more effectually preserved, and m the internal cutting the 
pattern presents a thready or lmy appearance 

Before concluding this part of the subject, it deserves to be 
noticed th it m the more minute buhl works, the parts are not 
cut exactly square, but slightly bevilled, so that the pearl may 
be left a tufle larger than the interstices m the wood to com¬ 
pensate for the saw keif, and make the fitting close as regards 
the true buhl But this bevillmg is prejudicial to the counter, 
as the line of junction m it becomes wider than usual, this 
defect is however, consideied to be less observable m the coun 
ter, and which is also the less valuable piece The strmg%ngs , 
01 the straight and circulai lines combined with pearl buhl work, 
are mostly of white metal such as tin or pewter, and aremlaid 
with the routing gage * 

In buhl works no part of the material is wasted and the 
whole of the woik is cut at once The circumstances are 
entnely different with the maiquetry woiks now to be de 
scribed, of which a slight specimen is lepresented m fig 720, 


Fig <20 

11 og o\ n 1 Black PI o y 11 g oonlcav eot Holly st n d g cen n tch d nd eng d 



* Buhl works of brass and wood aio sometimes made by stamping instead of 
saioing As however the action of stamps and punches will be considered m a 
subsequent chapter it need only be here observed that the brass inlay whether a 
honeysuckle or other ornament is stamped out of sheet brass and the wood veneer 
is stamped with the same tools the brass honeysuckle is then inserted into the 
cavity m the wood as before This method produces so far as the nature of the 
materials will allow an absolute identity of foim but it must be obvious the mode 
is not applicable to small patterns as the punches then inflict too much injury on 
the wood, neither docs the stamping admit of the unbounded choice of design 
attainable with the saw as tho punches are necessarily expensive and limited to 
their particular fonns 
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wherein the giound is ebony, and the flowers or othei oma 
ments are made of coloured woods, as denoted by the annexed 
names The djewoods are used so far as they aie available 
and the gieens blues and some other tints are of holly, stained 
to those colours Each different leaf or colouied piece is pro 
duced one at a time, and mostly requnes two cuttings, which 
may be accomplished m three several ways 
In the first mode, an engraving of the design is carefully 
pasted on the giound or counter, and cut out entirely after 
which the seveial leaves are sawn out from different veneeis, by 
aid of another impression of the engraving cut into pieces, and 
the leaves aie mseited m their respective places, this mode 
requires extreme exactness, but admits of complete success 
In the second mode, the design is also pasted on the counter 
which is then left entire the leaves are cut out from woods of 
appropriate colours, and are then glued on the respective parts 
of the paper pattern on the counter The projecting leaves aie 
cut m either singly 01 m gioups, with the saw, which is just 
allowed to graze their external margins The leaves are then 
all parted from the ground, and inserted m their respective 
apertures m the counter By this, or the counterpart method, 
the fitting becomes more easy, and the cuts may be slightly 
bevilled, to improve the closeness of the joints 

In the third mode, the separate leaves to constitute the inlay, 
aie cut out from the different coloured veneers and glued m 
their appropnate positions on a sheet of paper A sheet of 
white papei is also glued or pasted on the veneer to be used for 
the counter 01 ground, and further a sheet of the blackened 
or camp papei, such as that used m the manifold writers, is also 
required 

The tlnee are assembled together—at the bottom, the veneei 
with the p iper upwards, then the camp paper, and at the top 
the leaves, the backs of which are then struck at oveiy pait with 
several blows of a light mallet, so as to punt their own impies 
sions on the white paper The printed apeitures aie then cut 
m the counter one at time, so that the outer edge of the saw 
kerf falls exactly oil the margin of every aperture 

In this, or the third mode, the fitting of the parts may be 
made unexceptionably good, as the operation is not prejudiced 
by the unequal stretching of the papei, which is liable to occur 
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when two copies of the engiaved design axe employed as m the 
first and second modes * 

The ribs and markings of the leaves in marquetry work are 
made by cuts of the saw, or scratches of the graver, which 
become filled with the fine wood dust and glue 

Occasional assistance is denved from the judicious disposition 
of the gram of the wood, and the shading of the leaves to give 
them roundness is obtained by scoi clung their edges by holding 
them near a heated iron befoie they aie laid down In this 
manner white roses and other floweis with many leaves aie most 
successfully imitated m holly the several leaves being cut out, 
scorched on the edge, and grouped together to form the flower 
befoie incision Ivory is used for very white flowers, and ivory 
either white or stained and also pearl shell, and other materials 
are used for insects, and parts requiring additional brilliancy of 
effect 

SECT IV—REC1ILINEAR OR RECIPROCATING, SAW MACHINES 

Rectilinear sawing machines aie for the most part denved 
from saws used by hand for similar purposes, and under these 
circumstances it appears desix able that the machines to be 
noticed should, so fai as practicable be mtioducedm the order 
adopted m the last section , namely, machines derived from the 
felling cross cutting, and pit saws, and those fiom the frame, 
bow, and buhl saws 

Few sawing machines have been made for felling timber, 
because the laboui ol removing the machines from tree to tree 
m general outweighs any mechanical advantage to be derived 
horn then use In the most simple machine of this kind, the 
saw is formed as the arc of a cnclc, attached to a wooden sector 
moving on its center, ind worked with reciprocating motion by 
a horizontal level \ 

* As a more expeditious mode of transferring the pattern than with the mallet 
the three parts above described have been squeezed m a flat screw press this fails 
to bring up the impi ession from the unequal thicknesses of the veneers the hydro 
static press does not produce the requned effect, and is liable to crush the wood 
from its onoimous force but the rolling press such as that for copper plate 
printing was tried by Holtzapffel and Co, and found to succeed m all lespeets in 
transfeirmg the pattern 

+ Another construction for a felling and cross cutting saw which is moio 
elaborate, is described in the Mechanics Mag vol 11 p 49 50 and at vol m p X 
of the same Journal is a proposition for a pit saw, which, as well as the abovo, it 
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In cross cutting saw machines erected in the Portsmouth Dock 
yard and Woolwich Arsenal, the timber is laid as tluough a 
doorway, the posts of which are double so as to foim two nai 
row giooves for the guidance of the saw this resembles the 
ordinary cross cut saw, except that it has two guide boaids 
riveted to it, m continuation of its length, and the boaids work 
freely thiough the grooves m the posts The saw is actuated by 
a vertical lever, or inverted pendulum, moved by the steam en 
gme, and the workman beais down the opposite end of the saw 
with any required degree of force, the saw is guided m its first 
entry by a board with a saw kerf, which then rests upon the 
timber and when not m use the saw is turned up on its joint, 
leaving the dooiway free for the reception of other timber * 

A cross cutting saw machine of a more exact kind is erected 
at the City Saw Mills the saw blade is strained in a lectangulai 
frame, which both leciprocates and descends m a vertical plane 
The machine has a large double cross, the two horizontal arms 
have grooves that receive the rails of the saw frame, and which 
is reciprocated by a crank and connecting xod, the vertical arms 
of the cross fit in a groove formed by double vertical beams 

The cross and saw frame arc 
almost counterpoised, so that a 
moderate pressure alone, and not 
their whole weight, falls on the 
saw teeth, and the timber is 
clamped on a railway or slide, 
which is at light angles to the 
plane of the saw s motion 
A cross cutting saw machine 
worked by hand, that is much used 
on the Continent and in America, 
for cutting firewood, is repre 
sented m fig 721 Hie wood is 
laid m an X form sawing horse, 
and fixed by a chain and wooden 
lever, which latter is brought 
under a peg The frame saw is suspended by its lower angle m 



is proposed to work by means of the oft repeated scheme 
put m motion by manual power 


of a heavy pendulum 


* See Rees 8 Cyclopedia Art Machinery for Manufacturing Ships Blocks 
voL 2X11 also Encyol Metrop Part Manufactures Art 532 1 
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the cleft of a lever that swings as a pendulum when the saw 
frame is moved The lever suppoits and guides the saw frame, 
the action of which is assisted by the momentum of an adjust 
able weight, built out at right angles to the suspending lever 
The saw always rests on the timber, and cuts both ways, and 
being guided m its required position, a person but little experi 
enced m the use of the oidmary frame saw, can exert his whole 
strength m the act of cutting and accomplish the woik expedi 
tiously, especially as the saw is longer than that shown on page 
726, and employed m the ordinary manner for the same purpose 
Upright or reciprocating saw machines , are largely employed 
to perform that kind of sawing which is usually done at the 
saw pit, the larger upright or frame saws are used for cutting 
large round or squaie timber into thick planks and scantling, 
the smaller for cutting deals into boards The earlier of these 
machines appear to have been those for round timber they 
were mostly built of wood and driven by water power, these 
have been repeatedly described * 

The vertical saw mills now used m England are made almost 
entirely m iron, and driven bv steam power, and as the several 
constructions differ but little either m respect to principle or 
general arrangement, the modem frame saw foi deals fig 722, 


* The reader interested m the piactical details of the earlier sawmills is 
directed to Gregory s Mechanics 1807 vol n p 824 and in addition to tlio 
authorities there quoted, he will find useful matter on tho subject m Hassenfratz s 
Traits dc l Art du Gharpcnticr Paris 1804 m Lvan s Young Millwright, and 
Miller s Guide, Philadelphia 1821 and more paiticularly m tho reprint of Belidor s 
woik Architecture Hyd't aulique avee Notes par M Naner Pans, 1819 

In Besson s Instrumental um published m 1578 at Plates 18 and 14, are two 
very curious and giaphic drawings of saw machines driven by manual power the 
one by a ciank and winch handle the other by a pendulum pulled as a church 
bell and acting through tho medium of a right and left handed screw, and a system 
of diagonal links, as m the so called ‘ la/ytongs ’ One of the saws has curvilinear 
teeth, of which 1 3 5,7, cut during the descent and 2 4 6 8, during the ascent 
of the blade 

In the saw invented by Lieutenant J W Hood for cutting through ice the 
blade is suspended from tho end of a lever like that of an ordinary hand pump 
and has a heavy weight beneath the ice Lhe axis of tho lever is m a wooden 
frame or sledge the progression of which is caused by the end of a rod or paul 
that sticks into the ice tho rod being jointed to the level a little m advance of its 
pivots, thiusts tho frame and saw some three or four inches forw ird during the act 
of cutting This ice saw is worked by two to four men whoieas tho previous 
methods used m the Greenland fisheiies with a triangle and pulley blocks, required 
from twenty to thirty men—Trans Soc of Aits, 1827, vol xlv p 96 
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will be principally spoken of In this diawing the whole of the 
mechanism has been bi ought into view, by supposing the floor 
to have been removed, and some unimpoitant alteiations to 
have been made, m reality the pedestils F F rest upon the 
flooi, and the machine occupies considerable length 

The stationary frame work m fig 722 consists of two standai <ls 
01 vertical beams, m front of which are fixed two accurate squaic 



6 5 


bars, by means of six loops The sliding saw frame shown 
geometrically in fig 723 has foui vertical and two horizontal 
bais and is cast m one piece, or as a rectangular frame, which is 
attached to the stationary square bars b 6, by appropuate bcai 
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mgs at the four angles One central crank is in general used, 
hut for greater distinctness the drawing is made from a machine 
haung two extenor cranks although one only is represented, 
the crank rods are not attached directly to the saw frame, hut 
to a floating lever, which is jointed at its center to the saw 
fiame, so that even supposing the two cranks to be a little 
dissimilar m length or angular position, they nevertheless move 
the platform equally without straining or racking it 

When only one crank placed beneath the floor is employed, 
it is needful, both to avoid excessive height m the machine, and 
the disadvantage attending the action of a short connecting rod, 
that the latter should pass fieely through an oval loop m the 
lower cross rail of the saw frame, and he united to the upper 
rail, sometimes the crank shaft is fixed to the ceiling of the 
building, but this construction is the least m estimation The 
crank shaft, m addition to the driving pulley, has always a heavy 
fly wheel to equalise the action of the machine, but which is not 
shown m the drawing 

Two deals are usually sawn at once, the parts now to be 
descnbed are therefore m duplicate, although m the figuie one 
deal is supposed to be removed for the purpose of showing the 
mechanism more distinctly Generally each deal has to be cut 
into three boards, and two saws are then employed on each side 
of the frame, but sometimes as many as eleven thin saws or webs 
are used, then pioducmg twelve thin hoards or leaves from each 
deal The saws, of which one is shown at s s, have buckles 
riveted to them, and these pass through mortises m the top and 
bottom rails of the sliding frame, the buckles at the bottom are 
solid and shaped like an invented T, those at the top have mortises 
and thin steel wedges, the T pieces and wedges bear on the 
outsides of the frame 

The distances between the blades are adjusted by interposing 
pieces of wood, and pressing the whole together by the side 
screws, after which the saws are separately tightened by the steel 
wedges these details are sufficiently manifest m the geometrical 
view, fig 723 It is to be further observed that the edges of the 
saws are not quite perpendicular, but have a little lead , or their 
uppei ends overhang the lower about £ or |mch, to extend the 
cut tin oughout the descent of the blade, and to cany the saws a 
httla distance from the cuts, m the ascending or back stroke 



744 VERTICAL SAW MACHINES, DRIVEN BY POWER 

The two deals lie on a series of rollers built on pedestals, of 
which two only are shown at F F the ldleis also suppoit a 
long rack which at the left of the figure, has dogs ox mppus, 
that grasp the end of the deal by means of a side soiew The 
weight to the left of the figure pulls the longei end of a 
horizontal lever, the shorter end of which (not seen), has a 
roller that presses the part of the deal contiguous to the saw, 
against a fixed vertical plate or fence, so that the cuts become 
exactly parallel with the side of the deal, whether it be stxaight 
or crooked 

The deal is advanced by means of the rack and pinion, which 
are actuated by a ratchet movement as follows an eccentric on 
the mam shaft alternates the shorter end of the lever l , and to 
the longer end of the same is fixed the ratchet or paul, winch 
accoidmg to its distance ftom the center, slips over two or three 
teeth in its descent, and m rising thrusts the ratchet wheel round 
the same distance, and by its connexion with the pinion for 
the rack, advances the rack and wood a proportionate quantity 
The retaining pauls or detents on the top of the wheel pro 
vent its retrogression, when they are turned hack, the wood 
ceases to advance, and the slide may be run quickly back by a 
wmch 

The plank frame by the late Mr Benjamin Hick, of Bolton, 
(of which a model is deposited m the Museum of the Inst Civil 
Engineers) has no long rack Each deal is grasped between 
two grooved feeding rollers, the one fixed to the framing 
of the machine, the other pressed up by a loaded lever, and 
moved a small step at a time, by a ratchet as usual 

The single saw fiames above described make about 100 to 120 
strokes, of 18 or 20 inches long, m the minute, and cut two 
12 foot deals m from five to ten minutes, the saws icqune to bt 
sharpened about every tenth round, or j ourney, for liai d deals, and 
every twentieth for pme Similar fiame saws axe made double, 
so as to operate on foui deals at a time, the crank is then 
double, and so contrived that the saws m one frame descend, 
whilst those of the other ascend By this arrangement the 
vibrations of the machine are somewhat lessened, so that the 
velocity may be increased to about 160 or 200 strokes m the 
minute, but the time occupied m fixing and adjusting is also 
greater, so that but little if any real advantage is obtained 
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Sawing machines for round timber are larger, stiongei xnd 
somewhat different from thedealframes Thetimbei slide moves 
on fillets or V V *s, which aie fixed to the floor, and passes 
between the stand irds of the saw frame , the timber slide has 
strong veitical end plates, through moitises m winch stout iron 
spikes oi dogs are dnven like nails, into the ends of the required 
planks The dogs are then secured by side screws 01 wedges m 
the dog plates, fxom which they project sufficiently, to allow the 
saw blades to stand between the end of the timber and the dog 
plate at the commencement of the sawing 

Ihe sliding frames carrying the saws for tmibei fiames are 
longer than for deal frames, and those m the Government saw 
mills at Woolwich rest m contact with rectangular fillets on the 
standards, against which they are pressed by powerful springs so 
that the square bais b 6, fig 723, are dispensed with In these 
machines the blades aie strained one at a time by a loaded level 
like a Roman steelyaid which gives to each the tension of ibout 
one ton, and whilst under this tension the wedges are dnven 
just home but without violence , each blade becomes thciefoie 
tense alike Vanous contilvances are added to vertical saw 
machines driven by power, so that, when the saws have ailived 
at the end of the timber, the motion of the wood 01 that of the 
entne machine may be arrested automatically 


Rectilinear sawing machines aie not much used foi those 
lands of work that are peifoimed with the ouhnaiy hand saws 
back saws, and frame saws used in caipentiy , but tvo useful 
scies mdcaniques suited to works of this scale aie desenbed mtlie 
Manuel du loumeur and fig 724 is reduced from one of these 
The saw frame has a central wooden lod, and a blade on each 
edge, which are stretched by clamps, sciews and nuts, much as 
usual Ihesawis guided perpendicularly by fixed wnes, these 
pass through holes m the cross heads of the saw frame which 
are sometimes fitted with rolleis to leheve the friction The saw 
fiame is suspended fiom a bow spring attached to the column 
erected on the bench xnd the lower end communicates by a 
double ended book with a light tieadle The spring, when left 
to itself raises the saw frame and treadle some 8 oi 10 inches, 
and the pressure of the foot gives the cutting motion 

3 c 
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For straight pieces a wide saw is used, and the work is guided 
against a squaie fence, which oveilaps the fiont edge of the 
bench, and is fixed by a binding sciew passing tliiough a moitise 
For bevilled pieces a chamfeied hai c , is fixed to the right hand 
side of the bench, and carries a square sliding block, suimounted 
by an angular fence, with gi actuations and a clamping screw , 
the work is laid against the angular fence, and moved upon the 
chamfer slide past the saw For cncular works a narrow blade 
is employed, and the popit head or center point connected with 
the stationary frame work, serves as the axis of motion for the 
piece of wood to be cut 



In order to leave the bench unobstiucted, so that large pieces 
may be sawn, the guide lods upon which the saw frame woiks 
are discontinuous, the lower paits tgimmate beneath the bench, 
the upper are fixed to cioss pieces connected with a dovetail bai, 
itself attached m front of the column, so that the group of pieces 
cm Ting the uppei wires may be fixed at a gieatci elevation to 
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admit of thicker woik The hack edges of the blades mn m 
saw kerfs m the lower lail of the guide frame * 

Thiee small reciprocating saw machines, fitted up as adjuncts 
to the lathe will now be descnbed their constiuctions aie 
entnelj diffexent and they weie planned by then respective 
mventois quite independently of each other The one first de 
scnbed was especially contnved for buhl cutting this appeals 
liowevei to be fai the least valuable application of these machines, 
as they maj be much more efficiently used for \auous woiks 
similar to those done by the slender bow 01 sweep saw The 
extieme delicacy of buhl woik is incompatible alike with the 
encumbrance aiising from the mechanism and the fuctionof the 
woik upon the suppoitmg platfoim 

In Mi Mac Duff’s buhl cutting machine the saw is stretched 
m a fiame about 4 to 6 inches high and 10 to 14 inches wide 
the fiame leciprocates vertically upon small fixed 
wues, by the modification of the crank shown m 
fig 725 The pulley e beneath the lathe bearers b 
receives continuous motion from the foot wheel the 
lowei end of a cord c is fixed to a pm about an 
mchfiom the centei of e passed around the fixed 
pulley ji, then between the beaieis to the saw 
fi ime, which is laised by a spnal spung b} this 
auangcmentjthcpai illtlismof the coid is obtained 
I he woik is suppoited upon a tible oi platfoim 
midwaj between the path of the saw fiame \ 

* A machine on a somewhat larger scale was elected by Mr Brunei at the 
Woolwich dockyard and worked by the peculiar but exponsive parallel movement 
of the interior epicycloid There is a fixed wheel say of 16 inches drametei with 
internal teeth, and a con esponding pinion of S inches diameter earned round by 
and revolving upon the end of a crank of 4 inches radius the pinion caines 
a stud by which it is connected with the saw fiame The velocities of the crank 
and pinion arc as 2 to 1 and m the same du ection the stud if attached to the 
conic? of the pinion would move in a cucle of 8 inches hut when attached to the 
edge or pitch line of the pinion it reciprocates m a right Ime 16 inches long the 
stud if pi iced m any intci mediate position would travel in an ellipsis 

A iccipiocatmg siw miclnne Cor sawing boring and manufacturing bevilledand 
(uivihncar woiks m wood was patented m 1833 by Mr Samuel Hamilton and 
is bnolly noticed m the foot note following the application of the cuculai saw to 
cutvilmcai woiks p 805 

| Mac Dull s buhl saw icccivcd the pri/e of 10Z awarded by Di Fellowes 
and is fully dcscubcd m the Mcch Mag 1830 vol xm p 120 at p ge 235 of the 
same volume Mi Mai Duff nas described a laiger and rnoic single machine ot 
11 k Himc kind 
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In the two following machines the saw is unprovided with the 
fiame, by which, under oidmary circumstances, it is stretched 
and guided these functions being fulfilled by the motive parts of 
the respective apparatus 

Mi Lund s vertical saw machine, which is represented from the 
back m fig 726 consists of a bench with foot wheel and treadle, 
surmounted by a rectangular frame, the lowei rail of which is 
rebated to fit the bearers the center rail is extended into a plat 
form about three feet square which, for the sake of portability, 
consists of two wide flaps with hinges and biackets, somewhat 
as m an ordinary pembroke table To the extremities of the 
upper rail are fixed two long and narrow spungs, made of ham 
mered steel, that spring downwaids when left to themselves 
The ends of the saw are giasped m screw clamps, formed at the 
ends of square wnes working rather freel} m the two outei lails, 
within holes fitted with metal 1 he lower saw clamp is connec ted 
by a cat gut with an eccentric and guide pulley as m Mac Dull s 
but the eccentnc show n detached m fig 727 has more range, the 
travel se being sometimes 4 or 5 inches 

The uppei saw clamp is connected with the straight springs 
by means of a catgut line, reeved m the mannei shown more at 
large m fig 728 (one of the side frames being removed), the 
catgut proceeds from the springs, over the two fixed pulleys, and 
under the pulley on the top wire or clamp, this arrangement 
equalises the actions of the springs, and gives a parallel motion 
to the blade, the back edge of which lies towaids the operator, 
and works in a notch on the edge of a hardened steel disk, inlaid 
m the platfoim One end of the catgut has a small circular 
button, which is passed through a round hole m the spnng, and 
then sideways into a notch so as to be readily detached for the 
removal of the saw 

Mr Lund s machine is simple and effective foi inlaid and fiet 
works, and a vancty of thin cuivilmeai pieces which occur m 
cabinet woik and pattern making For cutting parallel and 
bevilled pieces, approprute guides aie added to the platform, 
similar to those elsewhere described For cncles, a brad awl is 
passed through the centei of the woik into the platform, or rather 
into a subsidiary and common platform then added And to 
shoiten the length of stroke during the working of the machine 
asieqnned m sawing around small curves and rounded angles, 
a sliding bolt beneath the platfoim, is tlnust acioss the path 
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of the saw so that the ascent of the saw to the full height 
is then pievented by the temporary increase of thickness m 



the platfoim, as the saw clamp strikes against the sliding bolt 
01 slide* 

Fig 729 is copied fiom Professor Willis's sketch of a veitical 
saw for curvilmeai woiks, constructed by himself m 1837 llie 
frame of the machine is elevated above its true position to 
show the details, and is clamped on the bed of a lathe or 


* Mr Lund makes an ingenious use of this machine for inlaying the instruments 
m dressing cases lined with velvet The bottom of the trays are glued up m three 
thioknesses the gram of the inner piece being crossways of the outer lengthways 
a piece of white paper is added to receive the outlines of the instruments the spaces 
for which are then cut m the saw machine with a saw thinned away at the back 
and veiy much set to cut a wide path 

The inner pieces having been removed are split through the ]omt and glued flat 
down on a piece of velvet each inner piece is then cut round with a penknife 
leaving the face alone covered The principal piece or skeleton is then glued and 
laid on another piece of velvet which covers the holes as m a dium the velvet 
is cut through at v irious parts of each aperture and folded round the edges of the 
holes and lastly every removed and covered mnei piece as pushed into its place 
which stretches and smooths the edges of the velvet and completes the work 
As the central pieces are m three layers the cells may be either of one third or 
two thirds the entire depth at pleasure 

Mr Lund s saw machine was constiucted and used m 1828 
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gundmg fiame, and tlie saw deiives its motion fiom an ccccn 
trie earned by one of the ordinary gimdstone spindles Lins 
eccentric is a pulley of hardwood cut m half and screwed against 
the face of the mahogany pullej A loop of wne embraces it, 
and connects it with the lower spimg so tl at when the spindle 
revolves the spring is thrown into iapid vibration, the springs 
aie of wood 21 inches long and 2\ inches broad 

The saw rs clamped at each end in a small non el imp , the 
lower clamp is joined to the lowei spring by the same stu 1 pm 
that carries the loop of wire The uppei clamp has si vua 1 
hooks filed m its edge any one of which can be hooked on a 
steel pm fixed to the upper spimg llius the saw is emud 
and stretched at the same time by the two spungs, and can be 
readily disengaged, either by unhooking the uppei clamp oi by 
unclamping eithei end The lower spring is fixed to the fianu , 
the upper is fixed to a separate piece of wood that can be ad 
justed to different heights, and the platfoim is 12 inches above 
the beaiers 

The only point that requires fuither consideration is the 
adjustment of the saw m the springs, so that it may traveisc as 
netuly as possible through one and the same point oi theplatfoi m, 
notwithstanding that the ends of the springs neaily dese nbcaics 
of circles, and therefoie cany the extiemities of the saw slightly 

to and fio clunng its move 
meats 

The veitical distance **> 
betw cen the springs at then 
roots wlicic they aic fixed 
to the flaming, and at then 
pms wheie they cany tlu 
saw, must be so adjusted 
that when the saw is at the 
top of its stroke, the lowu 
spring is horizontal, and 
when at the bottom of its 
stioke the upper spimg 
must be horizontal, and the 
platform midway between 
the two horizontal lines 
In tins condition with a range of two oi even three inches, the 
one cuivatuie will neutralise the other at the platfoim, as m 
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some of the parallel motions, which may be proved by a diagram 
carefully drawn on papei 

Piofessor Willis has used this machine extensively for cutting 
out m thin wood, models of Gothic tiacery also mathematical 
curves m illustration of the teeth of wheels and other elements 
of mechanism To adapt tne machine to take either shoit or 
long strokes as required m buhl cutting without discontinuing 
the motion of the foot wheel Prof Willis proposes to apply a 
contrivance to the eccentric, analogous to that explained m his 
Tieatise on the Principles of Mechanism, 2nd Ed p 38G 

A nbbon sawing machine, the connecting link between 
rectilinear and circular saws, was patented by Mr Newbury in 
1808 and is thus descnbed —“ Mr Newbury s engine is formed 
by a long and very flexible blade of a similar nature to a clock 
spring, which passes over two rollers of considerable diameter, 
placed in the same plane, and whose extremities are united so as 
to form a band round the two rollers When this blade is intended 
to act as a saw, one of its edges is cut into teeth of the usual 
shape and the substance to be sawed is placed on the stage, 
through which the blade passes, and is piessed against the blade 
with the necessary force and m the direction proper to produce 
the shape lequned for it * Guides for cutting rectilinear 
cuivilmeai, andcnculai pieces arc alluded to Ihe arrange 
ment was however lardy used until brought into notice by 
M Peirm m the Exhibition of 1851 since which time it has 
met with extensive employment 

SECT V—COMMON A1PIICATI0N OX CIRCULAR SAWS TO 
SMALL WORI^S 

The remainder of the present chapter will be devoted to the 
consideration of machinery for circulai saws , and m treating 


* See Retrospect of Philosophical Discoveries, 1303, vol iv p 222 The 
following paragraph respecting Newbury s flexible saw appears on page 527 of tho 
last edition of Belidors Architecture Ilydiauhquc, a,uc Notes, par M Naviei 
Pcms, 1819 — 

‘ &cte a lame flcnble et satis fin —• Cette invention a U6 pioposic en Anghtcne 
mais d par aU qa on y do at cut de son s needs LIU a etc employ fa aoec avantage cn 
Fiance pai M 1 ourondc pom refendie les hteaiu qui component ks tmjaux des 
visdAichmdde {Bulletin de la SociiM dFncouiagement Jiulkt 1815 ) Le module 
dc sa machine est depose au 6 onset latouc des Aits cl Mctiei s 
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tins extensive subject it is proposed to piesent the matter m 
the following sections 

V Common applications of cnculur saws to small woiks 

VI Common applications of circular saws to laige woiks 

VII Less common, 01 specific applicxtions of cnculai saws 

VIII Circulai saws and machmeiy for cutting veneeis 

It is further to be observed that m the present or fifth section, 
m speaking of the construction and application of small sawing 
machinery, or that which may be conveniently used by the 
amateui, the mattei will be arranged under the following sub 
dmsions 

1 Lathe chucks for veiy small saws 

2 Spindles for saws of medium size 

1 Platforms, or tables and benches, foi saws of medium size 

4 Stops to prevent the vibration of flexible saws 

5 Parallel guides 

6 Sawing the sides of rectangular pieces 

7 Sawing grooves, rebates and tenons 

8 Sawing or cross cutting the ends of pieces eithei squaie 
or bevilled or those works m which the angular variations aie 
in the horizontal plane 

9 Sawing bevilled edges, and pnsmatic pieces , or those 
works m which the angulai vanations aie in the vertical plane 

10 Sawing geometrical solids and megulai pieces or those 
works in which the angular variations aie m both the horizontal 
and vertical planes 

Ihe sub divisions 1 to 10 when a little modified, denote also 
the ariangement followed m sections VI and VII 


1 Lathe chucks foi very small saivs —Circular saws not 
exceeding one or two inches diameter are occasionally mounted 
on lathe chucks, similar to that repiesented m fig 730, which is 
not only the most simple, but probably one of the earliest modes 
m which the circular saw was used The chuck should be of 
moderate length, with a tenon to fit the hole m the saw, and a 
cential screw or nut to fit the same, as represented 

Opticians use this mode for the small thin saws with which 
they cut the notches m the tubes serving as springs in pocket 
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telescopes Carvers in ivory and similai matenals employ small 
but thick saws, the edges of which are of lound angular, 01 
othei sections In each art the objects aie mostly applied by 
the hands alone 

For cutting the notches m the heads of screws for mechanical 
construction thick saws aie similarly employed The screw is 
held in a socket fig 731, the end of which is tapped to receive 
the thiead of the screw and in cutting the notch, the socket is 
supported an inch 01 more from its extiemitj, upon the edge of 
the rest for the turning tool The socket is wnggled up and 
down as a lever, to make the bottom of the notch toleiably 
straight, instead of concave and the precautions to make the 
cut diametrical will be found at the beginning of page 723 

The gas burners designated as bat s wtngpurners have a narrow 
slit through which the gas issues these are cut m a similar 
manner by thin circular saws and Mr Milne, gas-fittei of 
Edinburgh, seriates such saws with a sciew cutter or tap as m 
making the teeth of a woim wheel (see pages 591 2), but the 
cuttei should for the present case have one side of the thread 
perpendicular, to produce saw teeth of the customary form 



In cutting the knuckles and tenons for joints fig 732, the 
work is usually supported on a small iron platform, fig 733, the 
surface of which is horizontal, with a notch to receive the saw, 
and a cylindrical stem to adapt the platfoim to the bed piece of 
the common rest The platform is fixed a little below the axis, 
to place the knuckles exactly central to the saw, so as to make 
the notches equally deep on both sides , and if the suiface of 
the platform is paiallel with the axis of the spindle, the notch is 
suie to be perpendicular or squaie to the side of the work 
Sometimes two saws aie used upon the same chuck or spindle, 
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to ensure parallelism m the sides of the middle piece or tenon 
and similar methods are commonly used m sawing notching 
and dulling the small wooden mechanism of piano fortes For 
some of these woiks, especially those m metal the saws are not 
always mounted on lathe chucks but occasionally on small spin 
dies similai to that diawn m the next liguie 

2 Spindles f 01 cucular saivs of medium size —For sawing 
oidmary woiks m wood, the above anangements are mostly 
insufficient, as the saw should be further removed from the 
pulley or lathe head, to enable pieces of model ate width to be cut 
off, and also laiger m diameter to serve for thicker pieces I he 
saw is then mounted on a spindle such as that shown in section 
m fig 734 the saw plate fits upon the cylindncal neck of the 
spindle, and is giasped between the two flat surfaces of the flange 
and loose collai, (which lattei is shaded) and pressed forwaid 
by the nut A steady pm, or a small wire (lepiesentecl black) 
is mseited obliquely m the spindle, and passes through a coi 
responding notch m the saw I he steady pm constiams the saw 
always to tiavel with the spindle, without depending on the 
giasp of the nut alone 



Ihe saw spindle, fig 734, is fiequently squared at one end, 
and has a center at the othei, to admit of being suppoited m the 
lathe at its extiemities, by the square hole chuck and popit head 
respectively, so as to i evolve togethei with the mandrel When 
the saw spindle is used independently of the lathe, it has a 
center at each end foi the centei sciews then employed, and also 
a pulley to receive the band from the foot wheel or othei motive 
apparatus In legaid to the pioportions of cucular saws and 
some other particulars concerning them, the readei is refened 
to the table on page 784,neai the commencement of the follow 
mg oi sixth section of this chapter 
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3 Platforms 01 tables ancl benches —Wooden platfoims cm 
plowed foi supporting thewoik have sometimes non stems, and 
aie m fact, extensions of fig 733, except that they aie placed 
above the centei, so that one thud the saw pi ite protiudes pei 
pendicululy thiough the centei of the platform But a huge 
platfoim thus constructed is veiy weak fiom being attached 
only at one point md cieij time the plitfoim is fixed theie 
is the tioublo of piicing the saw 1 eif exactly paiallel with the 
saw otherwise giert faction ensues 

I he saw platform and ipparitus in fig 735 are mide almost 
entuely in wood, they aie ipplicable to the oidmary turning 
lithe, and to saws not exceeding about 8 to 10 inches in 
diameter Ihe wooden platfoim is suppoited at the front and 
back, nearly throughout its width, upon the edges of the 
wooden box, the position of which is defined by a tenon fitting 
between the lathe bed, and secured by a bolt passing thiough 
the same r lhe platfoim is hinged to the back of the box, 
thus constituting is it weie, a huge and oveihangmg cover 
lhe last piocess m the construction of the apparatus, is to fix 
it upon the lathe beaieis, and to allow its own cncular saw 
to cut the saw kerf oi slit m the platfoim which thence 
becomes exactly parallel with the saw 



In refixing the apparatus leady for woik, the wood fiame is 
fiist placed loosely on the beaieis, and the platfoim is turned up 
the saw spindle is then adjusted between the centers, and lastly, 
the platfoim is shifted sideways until the saw enters the keif, the 
entiic wood fi me is then secured by its bolt and nut, but owing 
to the tenon beneath, there is no risk of the gioove being other 
wise than pai iUel with the saw Occasionally that part of the 
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platform wlncli is contiguous to the saw, is coveied with a tlnn 
plate of brass to increase its dui ability 

The sawing apparatus fig 735 although made principally m 
wood, will be found a \ery convenient appendage to the turning 
lathe or the same parts may be used independently of the lathe, 
upon a wooden bench or fiame with a wheel and tieadle, much 
the same as that partly lepiesented m the succeeding figure 
except that the wooden standards are then requned to extend 
above the bearers so as to carry the centei sciews for the saw 
spindle The back board foi iecei\ mg any parts of the woik 
under progress, and the drawer for the saws, are convenient for 
their lespective purposes, but by no means important 

JLhe sawing machinery represented m fig 736, although 
generally snnilai to the last, is made entnely m metal, except 
the wooden frame The principal piece in fig 736, or the bed 
piece, is planed flat on its underside, and has a fillet to adapt it 
to the lathe bea-ers or other fiame, the ends of the casting aie 
formed as popit heads, and are tapped for the leception of the 
center screws, which support the saw spindle The middle of 
the bed piece is formed as the box or tiough, to which the plat 
form is hinged by two centei screws, tapped into projections on 
the underside of the platform, the front part of which rests 
upon the supporting screw, fitted into the bed piece 


Fig 735 



In general construction the iron machine fig 736 is a great 
improvement on that m wood, fig 735, m respect to stiength 


STOPS FOR FLEXIBLE SAWS 


7 57 


and permanent accuiacy, and as the supports for the spindle 
and platfoim, aie all united m one iron casting the mechanism 
is not subject to derangement, and is quite independent of the 
fiame 01 bench which miy be either that partly lepresented m 
the figure or the fiame of an ordinaly foot lathe aftei the removal 
of the headstocks 01 on any bench whatsoever, provided motive 
power from any source can be conveniently applied to the saw 
spindle And m the course of the following descriptions it will 
be seen, that the lattei machine, with certain additional mechan 
ism, is capable of performing within the limitation of its size, 
almost any kind of work to which the circular saw is applied 

4 Stops to pi event the vibration of flexible saws —When the 
diametei of the circular saw is considerable compared with the 
diameter of the flange on the spindle, the blade becomes very 
flexible and may be easily diverted sideways from the true 
plane the prevention of this is accomplished m many waj s 
The saws used for slitting the thin wood of which cedar pencils 
aie made, are fiom about 4 to 6 inches diameter and \eiy thm 
so as to act lapidly and with little waste such saws have fre 
quently supplement uy collars, or thick flat plates of biass fitted 
to the cyhndiical neck of the spindle, and extending to within 
\ oi } of an inch of the edge of the saw which tlieieby neaily 
acquires the stiffness of the collais themselves But as saws aie 
in general lequned for tlnckei wood, such large flanges are 
mostly inadmissible, and other methods must be employed 
I oi small saw machines having wood platforms, it is generally 
consideied sufficient, that the saw should work m a nairow cut or 
groove made by the revolving blade in the platform, and which 
allows the saw but very little lateral play, as the teeth can no 
longer cut when the smooth part of the blade rubs against the 
slit The friction will in time wear away the wood until the 
slit becomes inconveniently wide, but a fresh piece of wood can 
be then inlaid, and another notch made by the saw as at fiist 
Metal platforms are sometimes made m two paits for the 
convenience of forming the slit for the saw but friction against 
the metal would blunt the teeth, and should be avoided In 
such cases, the inner edges of metal platforms made m two 
pieces are usually tapped foi small screws which aie adjusted 
vuj nearly to grasp the smooth pait of the saw, just within the 
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line of its teeth The platform fig 736 is made m only one 
piece, with a wide shallow gioove m its uppei siuface which is 
again filled up flush with a bai of non m the end of which is a 
deep notch to admit the saw and it light angles thereto the 
stop screws are inserted laterall} in the bai I lie latte 1 can be 
adjusted m the groove to place the stop sciews just within the 
line of the teeth aftei which they aie twisted by then capstan 
heads until they neaily touch the saw plates 

But stop sciews howsoever constiucted give use to noise, 
and aie somewhat liable to weai the saw into giooves A 
preferable mode for small saws is to inlay a piece of lvoiy oi 
haicl wood m the groove on the top of the platform and allow 
the saw to cut its own slit or else to fit two pieces of ivoiy 
into dovetail giooves, made transveisely m the under sides of 
the platfoim and to advance them to the saw by adjusting 
sciews but which although a moie costly method, is no better 
as m every case the stop should be as neaily as possible flush 
with the platfoim, vanous othei stops will be descaled m 
speaking of laige sawing maclnneiy 

5 Parallel guides foi small c%i cular saws —Saw machines of 
eveiy land, depend very matenally foi then usefulness on the 
vanous guidepi mciptesintroduced into then sevei al consti actions, 
and upon the advantage of which pnnciples, as applied to cutting 
tools generally, some pielimmary obseivations weie offend m 
pages 463 to 471 of the volume now m the leaders hands 
In circular sawing michmery the table oi platfoim being a 
flat siuface, and the saw blade, at right angles theieto all pieces 
that lie toleiably flat on the saw bench aie suie to be so guided 
as to he cut out of winding, and square with the face on whuh 
they lie But to guide them acioss m a light line it is i eqmsitc 
to have some land of leetilmeai guide paiallcl with the saw 
the width of the piece sawn off then becomes equal to tlu dis 
tance between the saw and guide, and any numbci of succeed 
mg pieces may be produced exactly of the same width 

The guides foi parallelism aie constiucted m many ways 
thiee of which, available foi small sawing machines, will be* 
noticed at this pi ice the jointed paiallcl rules aie also used 
and will be described m subdivision 5 of the next section 
The most simple paiallel guide, is a stiaight bai of wood fi\ul 
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to tlie platfoim by a screw clamp at each end, or by two screws 
passing through tiunsverse mortises m the ends of the bai, but 
two sets of graduations aie then required on the platfoim, to 
place the straight fence or bai exactly parallel with the saw 
Sometimes a shallow groove, inclined 30 to 40 degiees with 
the saw, is made m the top of the platform, and fitted with a 
slide, the overhanging edge of which is also inclined 30 to 40 
degrees, so as to be always paiallel with the saw, the variation 
of width arises fiom placing the guide m diffeient parts of the 
gioove r lIns may be consideied a modification of the punciple 
employed m the Marquois scales and paiallel lule, but as a 
saw guide the range is rather too limited 

A more convenient guide was suggested by Professor Willis 
of Cambridge, and is shown m figs 735 and 73G The first is 
simply a squaie the two bars of which aie not m the same 
plane as the one bar lies upon the platform, the other is flush 
with it, and fitted to the back edge of the platform by a groove 
and tongue joint a screw clamp is there situated, to fix the 
one bai of the squaie to the platform, aftei the position of the 
other bai has been adjusted to the width lequued m the woiks 
This paiallel guide maybe allowed to extend altogether beyond 
the sides of the platfoim so as to have fully twice the lange 
of the jointed parallel rules, to be described hcieaftei, and is 
besides steady alike m eveiy position, piovided the surfaces 
by which the two bars are united arc sufficiently huge, and 
firmly joined i he paiallel guide m fig 730 is made m non, 
and also after Professor Willis’s plan, but the back bai, then 
lies m a rebate m the platfoim, and is seciucd by a small clamp 
and screw, partly seen 

6 Sawing the sides of rectangular pieces —Before commencing 
to saw a piece of wood with the cncular saw, it is desuable, m 
older to ensuie accuracy m the result, that two neighbounng 
faces of the woik should be moderately straight, to serve as the 
basis from which to commence, otheiwise as the woik is tlnust 
past the saw with the hand, it may assume different positions 
m its course, and theiolry gi\e use to enoimous fnction against 
the saw, and may also piesent, when finished, cuived instead of 
fi it sui faces 

Round wood is m gcneial too large to be cut up with the 
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small saw machines here referred to, but paiticulars of the mode 
adopted in large machines are given in the coirespondmg sub 
division of the next section It may however be observed, that 
when the fiist cut is diametrical small round wood may be held 
with toleiable facility to the saw, and it is sometimes sawn at 
twice or with two radial cuts, fiom opposite sides, but which 
cannot be expected exactly to meet When the fiist cut is 
lequued to be on one side the center, it is much the best plan 
to flatten some pait of the wood with the hand saw 01 plane, to 
serve as the bed on which the work mayiest upon the platfoim 

In sawing up pieces of plank wood the broad suifaces left by 
the pit saw will m general be found sufficiently accurate for 
then guidance m that plane, so that the edges alone then lequne 
examination and one of these is sometimes collected with a 
jack plane for greatei exactness 

When the saw has been put in rapid revolution, and so that 
the teeth neai the opeiator descend, the work is laid flat on the 
platform and against the parallel guide and is then giadually 
advanced towards the saw If the work be thrust forwaid too 
quickly the saw may be altogether stopped fiom the excessive 
work thrown upon it, and if it be not advanced at an uinfoini 
rate, the maikings left by the saw will present corresponding 
irregularities 

In dividing a piece of wood that is long compared with its 
width, it occasionally springs open as a fork vdien sawn, sothattlic 
outside or guiding edge of the work, from having been originally 
straight becomes a little concave This is sometimes allowed 
foi by making the face of the parallel guide to consist of two 
stiaight lines a little distant one fiom the other instead of one 
continuous line, by fixing a thin plate to the pnncip d piece by 
counteisunk screws The set off in the guide usually occurs a 
little behind the cutting edge, and allows the woik to escape the 
saw, so as not to be scoied by the ascending teeth at the back 
part of the plate and which aie otherwise apt to catch up the 
work, if small, and throw the pieces in the face of the opeiator 

It usu illy happens that many similai pieces are cut in imme¬ 
diate succession , in such cases, the succeeding piece is frequently 
made to push forwaid that which is nearly sawn through, by 
which mode the nsk of hurting the fingers with the saw is 
avoided otherwise the piece is thrust towards the conclusion 
with a stick of wood, having a rectangulai notch at the end 
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The jointed platforms are very convenient, as they can he 
turned up to shoot off any accumulation of work or sawdust, 
and also for the lemoval of any little pieces of wood, which may 
occ isionally become wedged m the cleft beside the saw 


7 Sawing groove <?, rebates , and tenons —When the pi itform of 
i cncular saw machine does not admit of any change of elevation, 
as m that shown on page 789 and many otheis, the quantity the 
saw piojects through the table can only be varied by selecting 
saws of different diameteis, or by placing supplementaiy beds of 
different thicknesses upon the platform the latter method 
generally interferes with the action of the parallel rule But 
m the machine, fig 736, constructed in iron, the hinged plat 
form may be adjusted by the regulating screw m front so that 
the projection of the saw through the table may, if required, 
barely exceed the thickness of the wood to be operated upon or 
the saw may be only allowed to cut to a limited depth, and to 
form a gioove either m the side or edge of the work 

By making two incisions on the contiguous faces of the wood, 
the solid angle may be removed, as m the formation of a rebate 
fig 737, the same cuts again repeated would form the tenon, 
fig 7 38 but this piocess lequires that the end of the wood 
should hive been previously cross cut exactly square m the 
mode explained m the following subdivision of this chapter 


8 Sawing or moss cutting the ends of pieces, either square or 
bevilled or those m which the angular variations are m the lion 
zontal plane The most general guide for cutting the ends of 
work either square or oblique, is shown m fig 736, and also m 
plan m figs 740, 741, and 742 , it is applicable to every angle 
An undercut gioove is made m the platform parallel with the saw, 
for the leception of a slide that carries a semicircular protiactor, 
which latter is giaduated, and may be fixed at any angle by the 
thumb screw passing through its semicircular mortise into the 
slide beneath Ihe slide has sometimes V grooves made m its 
two sides, and the pi itform is then m two parts with bevilled 
edges, coirespondmg with the V grooves The vorh to be sawn 
is held by the fingers m contact with the straight fence of the 
guide, and the two thus giasped are slid together past the saw 

3 r> 
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The guide for angles is represented in fig 740 m the position 
for cutting rectangular pieces from the end of a long bar, and the 
edge pp of the paiallel guide, then serves as a stop for the width 
of the blocks thus removed By the similar employment of an 
oblique position, such as that shown in fig 741 xhomboid.il 
pieces of any angle and magnitude, may be as readily produced 
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When the pieces are not cut from the end of a long lod but 
are small, and only require to be ieduced to any exact size, it is 
more convenient to affix the stop foi width upon the fence or the 
semicirculai piotractor, as m fig 741, and in this mannei small 
pieces can he easily sawn into regular or irregular polygons oi 
any particular angles and numbers of sides 

In cutting mitres, as for pictuie frames, the one piece would 
he cut by placing the semicircular fence m the position, fig 741, 
hut for the other piece of the mitie, it is necessary to place the 
semicircle as m fig 742, so that the guide may precede the work 
that is to be sawn consequently unless the slide will admit of 
being withdrawn from the gioove, and replaced the other end 
foremost, there should be two holes foi the thumb screw, and 
two indexes for the graduations 

Although the oblique fence may he placed at the smallest 
angle and even parallel with the saw yet when the pieces axe 
required to be thin and acute, it is more generally convenient to 
prepare with the apparatus, fig 740, a wooden guide of the paiti 
cular angle and of the form shown m fig 7 39, p, being the 
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parallel rule g, the guide or bevilled block, and w the woik 
A separate wooden block is necessarily required for every angle, 
and the parallel guide is still available in determining the general 
width 01 thickness of the works 

When pieces are parallel in one direction and bevilled m the 
other they may be cut out without any waste beyond that arising 
fiom the passage of the saw In such cases the work is piepaied 
as a parallel piece equal m thickness to the parallel measure of 
the objects, and the work is turned over between every cut so as 
to saw the pieces “ heads and tails, or the wide end of the one 
from the narrow end of the other, as shown by the dotted lines 
m fig 739 This mode is employed for ivory knife-handles, and 
for the thin slips for covering the keys of pianofortes, which are 
made thicker m front, where the principal wear occurs 

Triangles may be sawn out of parallel slips m a similar 
manner, thus, by using guides at the angle of foity five degrees 
and turning the work over each time, right angled triangles r 
are produced exactly of one size, with sixty degrees, equilateial 
triangles, e and so on for all others having two equal sides a 
half triangle at each end being the only waste In manufactories 
where laige quantities of bevilled works aie sawn, it is usual to 
employ a wooden bevil guide for every diffeient angle lequired 
both from motives of economy, and also to pi event the acci 
dental misadjustment of variable guides, and some tim es the 
unchangeable guides are made m metal 


9 Sawing bevilled edges and oblique prisms or those m which 
the angular variations are m the vertical plane —In cutting pieces 
with bevilled edges, a supplementary bed of metal, the hinge of 
which is quite close upon the saw platform and against the saw, 
is occasionally employed this may be set at all angles by a stay 
and binding sciew But the more simple and usual plan is to 
employ supplementary wooden beds planed to the definite angles 
lcquned, and through which beds, the saw is allowed to cut a 
tlnn keif as usual 

A pietty example of the use of inclined sav beds is seen m 
the so called mosaic woiks, consisting of gioups either of 
triangles, rhombuses, or of squares, cut m different colouied 
woods, md arranged so as to constitute various patterns, which 
it is pioposed to distinguish as tuangular mosaics and square 

t d 2 
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mosaics Mi James Burrowes of Tonbridge Wells,anfoi ms tlie 
author that neaily eveiy sort of wood is used, bo h English 
foieign, and also many sap woods but principally holly and eboi y 
for white and black , and bar wood barberry beech, cam wood, 
cherry, deal, fustic, gieen ebony king wood, am el laburnum, 
lilac, mulberry, nutmeg, orange, partridge, plum, purple yew, 
and walnut, foi various colours Mr Burrowes adds, that he 
was the first to mtioduce this woik in 1 onbndge ware turnery, 
boxes, add toys, although stuped, feathered, and tesselated works 
somewhat of the same kind, were used long pnor, in the baud 
mgs and stnngmgs of ornamental cibmet woik 

Eoi the triangular mosaics, beds of the angles of 45 and 2~ 
degrees are principally used, but others of 15, 30, 60, and 7 o 
degrees are also occasionally emplojed, they require guides fur 
parallelism, either to be applied to the inclined beds themselves, 
oi to be added to the parallel rule, with the power of adjustment 
vertically as well as horizontally, very thm saws are used, and 
they project but little through the beds 



The wood is cut m pieces six or seven inches long first into 
veneers of appropnate thickness the formation of which into 
slender squares requires no explanation Tiguie 743 shows 
that a bed of 45 degrees, will at one cut for each piece, coirs cit 
the veneer into rhombuses figuied separately at a, the acute 
angles of which measuie 45, the obtuse 135 degrees each and 
when the wood is turned over between each cut, light angled 
tiiangles b, are produced, with the same bed 'When, as m the 
dotted line fig 743, the bed measures 224 degrees, and the woik 
is also turned over, triangles are produced such as c, and from 
which three figures, a, b, c, almost all the woik is compounded 
Such of the pieces as are lequuecl to foim the pattern me 
selected and carefully arranged in groups on the b< noli one 
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man picks up a small group brushes them o\er quickly with 
thm glue, and hands them to another workman who dexteiously 
airanges them in their requned positions, and further quantities 
of the pieces aie handed up by the first workman until all that 
constitute the first glueing aie arranged The stick, or faggot, 
is then tightly bound with string and before the last coils are 
strained around the mass an^ pieces which stand out beyond 
their tiue positions, aie lapped with the hammer along the side 
of the faggot 

Greneially eight rhombuses <z, constitute the central group as 
m fig 744 and the eight angles are then filled up by right 
angled triangles, b thus pioducmg an octagon which is allowed 
to diy At other times the eight rhombuses, &, are combined 
for the cential stai, the hollow angles of which are filled in by 
eight squaies, which themselves produce eight new angles A B 
fig 74o, each measuring 135 degiees Sometimes each angle 


Figs 715 746 



A B, is filled by the obtuse angle of one rhombus, a , and this 
also produces an octagon At other times, each angle, A B' is 
filled by the thiee acute angles of three rhombuses a , which 
together measure 135 degrees also (one group being striped the 
others only dotted), and afterwaids 16 right angled triangles, b 
complete a neaily circular figure The whole of the latter group 
would be combined at one glueing by dexterous workmen, 
except when the squaies or other pieces aie themselves com 
pounded of little bits, which is a prepaiatoiy piocess 

JLhc ccntial octagon, fig 744 when diy, is often suirounded 
b) other sectional groups, as m fig 7 i G, eithei eight compounded 
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triangles, such as c, with the new spaces filled by eight light 
angles b, to reconstitute the octagon or else eight wedge foini 
pieces, d, are alone used The edges of the sections are g ued 
and quickly placed aiound the octagon xl nucelus after which the 
whole is sometimes fixed between powerful clamps 01 wedged 
within external rings, at other times, stung is again used to 
hung the parts together 

The blocks, when finished aie allowed to diyfor some weeks, 
and are ultimately cut into thm veneers and glued upomoind 
boxes Octagons of different patterns are united side by side, 
and the spaces filled in with right angled triangles, so as to con 
stitute straight patterns for the centers andboi del s of 1 ectangulai 
boxes Small round sticks are occasionally turned into little 
ornaments, and the curvilmeai suifices so obtained, present 
various pretty effects when the intei sections are accuiate 

The compounded sections of the wooden mosaics are generally 
preparedbeforehand of small triangles,as a distinct process,and ai e 
frequentlj screwed fastm cauls of their appropriate angles, or they 
are built up as laminated sheets, and cut into form with the saw 

The chequeied squares are prepared from slips of veneer one 
inch or more wide, so as to avoid handling the little squares, 
winch could scarcely be tied up m true rectangular anangement 
I he pieces of veneer are glued together, either white and bla< k 
alternately, or in any arrangement that the pattern may require 
strips cut off the edges of the laminated pieces and leverscd as 
at a fig 747, produce the chequered squaies, cut obliquely and 
alternated they produce rhombuses b and striped rhombuses c, 
tnangles cl and squaies, can be also readily obtained, and the 
author suggests that b, o, cl and similar pieces, should as m the 
diagrams,figs 745 and 716 be mingled with the present patterns, 

a Tig 717 & c d 


many of which aie much elaboiated, pinidpally from small 
tnangles alone, without a sufficient regud to the gcnoial design 
or drawing of the figuie The autlioi possesses however, a vt i y 
good specimen of rnosaie woik composed ilinost entirely of 
tnangles, which in a diameter of 3 | inches, contains no less than 
808 separate pieces of wood, combined with veiy good effect 
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The square wood mosaics, called also Berlin mosaics, fiom 
their assimilation to worsted works, are more recent than the 
triangular Figures of vases, animals, and running patterns are 
composed entnely of little squares of various coloured woods, 
which are glued up like the chequered works Supposing the 
entire pattern to constitute a lectangle composed of 20 squaies 
m width, and 30 m length 30 slips of veneers of appiopnate 
colours and an inch wide, are first glued together and this is 
repeated 19 times, making one laminated block a for every line 
of the figure A veneer b, is then cut off from each of the 20 
blocks a and these striped veneeis b are glued side bj^side to 
constitute the group c, of GOO slender squares, the thmleaves cut 
off fiom the end of this last constitute the mosaic pattern d 
T he accuracy of the work greatly depends on the exact simi 
litude of the veneers as to thickness, and as the blocks a, will 
each produce some 15 or 20 repetitions of b and c the perse 
vermg care required m the formation of a single specimen, will 
also effect a vast extent of repetition of the same pattern oi d 
T he small square mosaics for boideis and other works are 
usually inlaid m slips of holly as lunnmg patterns, by aid of the 
buhl saw Very large mosaics aie usually made in G, 9, oi 12 
sections, glued up separately into squares, and then combined 
One example thus foimed by Mr Burrowes, represents the 
Prince of Wales s feathers, arms and motto, it measures by 
inches, and consists of between 8000 and 9000 squares, the 
block was prepared m 12 sections, that were afterwards united * 


* Irom the researches of Wmkelmann Wilkinson and otheis there appears to 
be no doubt but that, 3300 years ago the ancient Egyptians were wonderfully 
successful in making mosaics of mmute cylinders squares and filaments of glass 
•united by partial fusion and pressure and that from the end of the mass slices 
about one sixth of an moh thick v ere cut off and polished much the same as 
above described 

Various specimens are referred to, m which the pictures are said to be very 
perfect and exactly alike on opposite sides showing them to run thiough the 
mode of construction is apparent from the joinings being just visible m a strong 
light and from the colours having m some places mn into one another from the 
paitnl excess of the heat employed m uniting them 

The 1 gyptians also appear to have made other mosaics by cementing pieces of 
glass stone and gems on backgrounds just the same as since practised by the 
ancient Ponuns and by the aitists of Italy and oihei countries m oui own times 
— S(6 Wilkinsons Manncis and Customs of the Ancient I gyptians 1835 Vol in 
pages 91—97, tc 
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SAWING PRISMATIC PIECES 

In sawing the regular prisms of from 3 to 12 sides, it is neces 
sary the inclined beds should meet the saw plate at the same 
angle as that at which the sides of the polygon meet or then 
exterioi angles It is therefore proposed as an example for all 
prisms to trace m fig 748 the formation of the hexagon, or 
6 sided prism, from a round or irregular piece of wood, upon 
which, as a preparatory step one plane surface has been cut m 
any manner, either by the saw or plane r lhe following table 
contains the seveial angles required _ 


In regular prisms of 

3 

4 

5 

6 

7 

8 

9 

10 

u 

12 sides 

Tlieir external angles , 
measure J 

The supplements to" 

60 

90 

108 

120 

128, 

135 

140 

144 

147,' 

150 deg 

the external angles 
or what they fall 
short of 180 de 
grees are J 

j- 120 

90 

72 

60 

51, 

45 

40 

36 

32A 

30 deg 


Kefernng to the above table it is seen the external angle 
of the hexagon is 1^0 degrees (represented by the dotted aie A), 



and that the supplement to the latter is GO degiees, tlieiefoic 
the mehned bed should also meet the saw at an angle of 00 
degrees (lepiesented by the dotted aie, 13 )b) means of this be d 
alone, the second side of the pi ism would be cut on the piece 
of wood But m cutting the lemlining lour sides, it would be 
icquiieel to introduce some guide, to cnsuic the parallelism and 
equality in width of the sides, and this is done by laying a sc cond 
angle upon the fust also equal to the supple mentaiy angle of 
60 degiees (represented by the dotted aie, (J) Ihen B and (\ 
which are of the same angle, together constitute a trough, and 
the width of the side of the trough near the saw, must be equal 
to the side of the required hexagon , but the second piece C is 
not adjusted to its position, until alter the fust two sides of the 
prism have been sawn r I he angle of the me lined beds must ho 
very exact, as any error that maj exist, becomes accumulate d, 
oi is six times multiplied m producing a hexagon 



SAWING- PirCES INCLINED IIORIZONTAIIY AND VEP TIC ALLY ^69 

Irregular polygons have frequently the angles alike hut the 
sides dissimilar, thus it may be considered that ma,fig 749 a 
paiallel piece is added between the halves of the regular hexagon 
whereas in b , a piece is abstracted and m c two of the sides dis 
appear These and the entue gioup, a to g, fig 749, may be 
sawn with the bed B, fig 748, of 60 degrees 

It is most convenient especially when many pieces aie wanted, 
to piepare for a, a rectangular pnsm, and then to cut off the four 
dotted triangles at four cuts, leaving the stop s, in tlie same 
position throughout b may be treated m the same m inner 
as a or else as m c, the two extenor cuts may be made on the 
edge of a wide piece of board, and then two interior cuts lemove 
the lhombus c, and leave a hollow angle of 120 degrees, as 
explained by the dotted lines 

The several mveited angles of the piece g , may be also pro 
duced m this manner by two cuts each , two of the cuts m g 
are however made on the horizontal table, and not the inclined 
bed,B The inverted angles are convenient as troughs to support 
prismatic pieces on then angles, instead of then surfaces 
Pieces analogous to those a to g , m ry be cut on beds of any 
other angles but when the prismatic pieces have dissimilar 
angles, unless they are complementary one to the other, separate 
inclined beds are generally required for every angle 314 


10 Sawing geometrical solids and irregular pieces , or those m 
which the angular variations, are m both the horizontal and vertical 
planes —It is pioposed to illustrate this part of the subject, by 
some remarks on the formation of various solids illustrative of 
geometry, and crystallography, such as erect and oblique prisms, 
pyramids, double pyramids, the five regular solids or platonic 
bodies (namely, 1st, the tetrahedron, 2nd the hexahedron 3rd, 
the octahedron, 4th the dodecahedron, oth the icosahedron,) 
md some other polyhedra And, although in the formation of 
the models of these solids, various modes are employed, those 
methods will be selected, m which all, or nearly all the work, 

* It will be shown m the succeeding soctionthat m some cases prismatic w oiks 
ue mounted upon m axis placed at various angles by a dividing plate and 
then applied to the saw And in the subsequent volumos it will bo likewise 
explained tbit most lathes foi omimental turning possess vay reidy moans of 
pioducmg both m wood md metal m infinite variety of polygonal and polyhodi il 
woiks, with git it piooisiou and smoothness 
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SAWING IYRAMIDS 


may be perfoimed by the saw machine alone, independently of 
the various other means 

The models above referred to, are geneially made m sycamore, 
maple, or hoise chestnut and m the majonty of cases, the wood 
is piepared as prisms, the sawing of which has been fully 
described Sometimes, befoie the subsequent piocesses, the 
prisms are very caiefully plined m angular beds, mostly so 
arranged, that the surface to be planed is honzontal 

A long pnsmatic rod, carried to the saw at right angles, is 
readily cut into short eiect prisms of various heights, and the 
samepusms earned obliquely to the saw, become oblique pnsms 
For pyramids of 3 to 12 sides long pnsms should be fust pre 
pared also of 3 to 12 sides, the sections of which are exactly equal 
to the bases of the required puamids 

The pnsms are usually cut into short pieces equal to the 
vertical height of the pyramids and one guide block suffices for 
making all pyramids the sides of which meet at the same angle 
Ihe ordinary guide or gage block, is simply a piece of wood 
having at the end a rectangular and perpendicular notch BCD, 
fig 755 which may he made at the saw machine by aid of 
the protractor For pyramids the sides of which meet at GO 
degrees, as m fig 750 the side B C, of the notch m fig 755, 
measures 30 degrees with the principal edge A B, of the guide, 
foi pyramids of 40 50, oi 70, the angle of the guide is respec 
tively 20 25, and 35 degiees, or half the angles at which the 
sides meet 

The side A B, of the guide is placed in contact with the 
puallel lule and the short prism is placed m the nook so that 
m every case the base of the prism rests against the face C D, 
and one of its sides uliatsoevei then number, touches the vertical 
face B C, the paiallel rule is then adjusted to direct the saws s, 
through the dotted line pioceedmg from the apex to the base of 
the pyramid One cut having been made, the guide and woik 
are quickly withdrawn, the waste piece removed by the saw, is 
thrown away, and the block is shifted lound until the succeeding 
face of the prism, (or so much of it as lemams ) touches the face 
B C, and so on to the last face of the pyr umd 

Sometimes as m fig 751, a pyiamid is cut at each end of a 
prism, the method is almost the same, but the wood and guides 
aie e ich longer, as m fig 75G I he squaLO end of the prism is 
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placed agnnst the stop, and the first pyramid having been cut 
the piece is changed end for end, and the process is repeated , 
in cutting the second pyramid, the point of the first touches the 
stop, or a notch may be made m the stop to prevent the extreme 
point of the pusm from being bruised 

When the pyramids meet base to base, as m fig 752, 
other methods aie pursued dependant on the parallelism of the 
opposite sides or angles oi equal pyramids Sometimes the 
prism is cut off to the exact length of the double pyramid and 
the first pyiamid having been cut as shown m fig 756, the 
second pyramid is pioduced as is fig 753 by laying the sides of 
the first pyramid against the parallel rule, and placing a wedge 
beneath the point of the fiist pyramid, to support the axis of 
the piece horizontally 

Figs 7o0 751 752 7o3 754 




A much easiei and more accurate way of cutting the second 
pyramid, is suggested by the authoi in figs 757 and 758 The 
prism is m all cases to be left longer than the two pyramids 
the first of which is cut as m fig 756 Then leaving all matters 
is before for pyramids of 4, 6, or 8 sides, simply to remove the 
paiallel guide sideways, so as to change the position of 756 
into 757, m order that the saw may enter the opposite side of 
the prism at the base of the first pyramid, and proceed into the 
solid pusm as far as its center In a 4, 6, oi 8 sided prism, the 
4 6, oi 8 cuts release the double pyramid m 757 from its hollow 
bed, oriuvcited pyiamid, or that winch is sometimes termed, by 
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mineralogists its joseudo mojphous crystal It is needful the 
saw should penetrate slightly bejond the apex and the ciystal 
will jump out of its bed when the last side is neaily cut thiough, 
leaving a tnfling excess on the last side just it the point, but 
if the mveited cuts aie extended much beyond the ipex, the 
model will be released before the last side is completed 

For double pyramids of 3, o, or 7 sides, meeting base to base, 
as m fig 752, the position of the saw m fig 757, cannot be 
employed m cutting the second pyramid because m a pyramid 
with uneven sides, the saw then would enter at one of the angles 
instead of at one of the faces of the first pyramid Conse 
quentlj the angulai guide fig 756, is changed end for end as 
m fig 758 and all the sawing is done on the same side of the 
axis of the pnsm The position fig 758 might be used foi all 
second pyiamids whethei of odd or even sides, but for the lattei 
the guide fig 757 is more conveniently placed 

Sometimes, however, it is requned that the face of one pyra 
mid should meet the edge of the opposite, as m fig 754, thus 
producing what is teimed m mmeialogy a macled oi twisted 
crystal Macled double pyramids with 3, 5 oi 7 sides are cut 
by pursuing throughout the method prescnbed for oidmary 
double pyramids with 4, G, or 8 sides, namely, using the one 
guide, after the mode fig 756 for the first and after the mode 
fig 757 for the second pyiamid, and then with pyiamids of 
uneven sides the requned displacement is obtained 

Macled doubled pj ramids, with 4,6, oi 8 sides requne the face 
B C of the first guide, fig 757 to be peipendiculai as m the 
reduced figure a 758 and the fice B C 757, foi the second 
pjiamid, to be inclined 22J 30, oi 45 degiees lespectivcly as 
at b oi half the supplement to the external angle ot theiespec 
tive polygons For macled hexagonal pyiamids the side 13 C, 
may continue perpendicular, provided that m sawing the second 
pyramid, the edges and not the fau% of the 6 sided pnsm aio 
placed against B C, fig 757 

Irregular pnsms may be sawn into it regular pyramids, but 
certain coirections aie sometimes requued Thus, the pnsm 
beneath fig 7 59, which is moie, and fig 7G0, which is less than 
a regular hexagon, produce the irregular pjiaunds respectively 
annexed the sides of each of which meet on one base line In 
the first pyramid, fig 759, the plain ndge is equal to the centi d 
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piece added to the hexagon m the second pyramid, fig 760, 
the cential face that coiresponds to the naxiow side of the hexa 
gon, teimmates below the extreme point The six fices might 
m either case be made to converge exactly to one point, by the 
employment of a second guide adapted to the irregular side 


li^s 759 760 761 762 763 



equal angles, produce pyramids, that converge exactly to a point 
Ihus fig 761 shows the result when the rhombic prism is cut 
into a pyramid, the bases of the side also meet on one plane, 
and when the piece is released by cutting the inverted pyramid by 
the method shown m fig 757, the solid thatresults is an irregular 
octahedron, the section of which is rhombic m both planes 
To produce an irregular octagonal pyiamid from & regular 
octagonal prism, a wedge is placed beneath the prism, as m 
fig 762, which now lepiesents the guide the point of the wedge 
is to the left, m cutting the sides 1 3, 5, 7, of the octagon, and 
the point of the wedge is to the right, m cutting the sides 2, 4, 
6, 8 By this twisting of the axis, the legulai prism yields an 
irregular pyramid of the section shown at fig 763, and the 
departure of the latter from the true polygon, is shown by the 
angular space, between the true polygon, and the vertical face m 
fig 762, vhich space represents the piece removed m virtue 
of the subjacent wedge, the angle of the two being alike 

When the inverted megular pyramid is similaily cut, the line 
of junction of the two is in one plane when the more obtuse 
edges of both pyramids meet, but the line of junction becomes 
zig zag or macled, when the more obtuse angles of the one 
octagon meet the less obtuse of the othei 

The same method pursued with the 4 or 6 sided prisms pro 
duces similar results, subject howevei,to certain displacements 
of the edges and points, the modes of correcting which will 
be sufficiently manifest to those who take up these matters 
pi admail} 
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It is now proposed to sliow how by pursuing the methods of 
cutting various pyramids, the five legular solids and many 
others can be obtained with the saw machine 

The tetrahedron with 4 planes each an equilateral triangle, is 
cut fiom a regulai tnangulai prism inclined 19 J degrees,* and 
it is best to cut it at the end of a long piece, as m fig 756, and 
then to lemove it bv one cut of the saw at 90 degrees which at 
any distance between the apex and base produces the true 
tetrahedron 

The hexahedron or cube, with 6 planes each a squaie, is cut 
off fiom a square prism held at 90 degrees, the length of the 
piece removed, must necessanly be the same as that of the 
sides of the prism 

The regular hexahedron or cube, may be also viewed as two 
triangular pyramids, the faces of which are interposed or macled, 
or so placed, that the face of the one p}ramid meets the angle 
of the opposite, as before explained in fig 754 And pursuing 
this method, the cube may be sawn from a tnangulai prism by 
the positions figs 756 and 757, provided the prism is inclined 
exactly 35j degrees to the saw t The cube, when produced m 
this mannei from the triangular prism is howe\er very small as 
viewed diagonally, (and m which direction it is cut,) the cube 
appeals as a hexagon, three angles of which touch the centers of 
the triangular prism It is better to use the hexagonal prism, 
and to place its alternate sides, 1, 3,5, successively upon the plat 
form, both foi the first and second processes figs 756 and 757, 
m which case the hexagonal outline of the cube, may be as large 
as the section of the hexagonal prism fiom which it is sawn 

Any other inclination than 35j degiees produces an oblique 
hexahedron, or rhomboid, with six equal lhombic faces Foi 
instance, the very dissimilar figures 764, 765, and 766, weie 
cut fiom hexagonal prisms of the same size and respectively as 
large as the prisms would permit In fig 764, which is an acute 
or elongated rhomboid, the angle at which the pusm met the 
saw was 10 degrees , and m fig 7 b 6, an obtuse or compressed 
rhomboid the angle was 80 degrees Viewed along the dotted 
line or through their common axis, the three figuies all appear 
as equal hexagons, and show the three pyramidal planes of each 
solid as equal lhombuses, as m the figure 767 but the axis of 

* Mathematically 19 28 17 + Mathematically 35 15 52 
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fig 764 is about foui times as long as that of the cube, 765, the 
axis of 766 is only about one eighth as long as the cube, and its 
edge is acute like a knife 


Figs 764 765 766 767 



The octahedron, with 8 planes, each an equilateral triangle, 
may be viewed as a double square pyramid cut off at an angle of 
85£ degrees * and is produced in that manner with veiy little 
difficulty from a square prism When the prism meets the saw 
at a smaller angle than 35|- degrees, the octahedron is said to be 
acute or elongated and when the angle is greater, the octa 
hedronis obtuse or compiessed, as recently explained in regard 
to the rhomboids figs 764 and 766 

It has been considered unnecessary to represent the regular 
tetrahedron, hexahedron, and octahedion, which are simple, and 
familiarly known, and the subsequent figures 768 to 771, of 
the dodecahedron the icosahedron, and trapezohqdron, are to be 
viewed as explanatory diagrams and not as faithful representa 
tions of these respective polyhedia 

The dodecahedron, fig 768, with 12 planes each an equilateral 
pentagon may be viewed as frusta of two pentagonal pyr ami ds, 
the sides of which aie interposed oi macled, and the pyramids 
being truncated form the two remaining pentagons The double 
5 sided pyramids, aie first cut at the angle of 26£ degrees f and 
discontmuously, by means of the positions shown in figs 756 and 
757, the sides of the pyiamids will then be found to meet at 36°, 
the angle made by the first and third sides of a pentagon The 
outer plane is obtained by cutting off the point of the pyramid 
at right angles to the prism, and extending it by trial, until the 
teiminal pentagon itself and the 5 pentagons near it, become 
equilateral The second pyramid, not having been cut so far as 
the center the solid is now lemoved from its matrix or prism, by 
one cut at light angles to the prism, and so far removed from 

* Mathematically 35 15' 52' or half the supplement to 109 28 16 the 
angle at which the pyramidal planes of the octahedron meet See Brookes 
Crystallography pige 116 
t Mathf untidily 2b 33 54 





776 SAWING THE RHOMBIC DODECAHEDRON AND ICOSAHEDRON 

the angles of the zig-zag line on which the pyramids join, as the 
corresponding pentagon, at the outer end of the so ic 

The above, or the pentagonal dodecahedron, is also called the 
Platonic dodecahedron but there is another land named the 
rhombic dodecahedion, which is more referred to by miner n- 
logists Ihe rhombic dodecahedron fig 769, has 12 faces, each 
an equilateral rhombus and may be viewed as a hexagonal prifam 
with a shallow triangulu pyramid at each end 

The ihombic dodecahedron may be therefore sawn from the 
hexagonal prism, provided that first three pyramidical planes arc 
cut at the angle of 54| degrees,* and that the solid is tilt n 
released from the pusm by three similar but inverted cuts on the 
intermediate angles of the hexagon, so much of the central pi ism 
being left as will make six rhombuses equal to those terminating 
the original prism 



The rhombic dodecahedron may be also viewed as a squat e 
prism terminating m two square pyramids cut off at an angle of 
45° but as these planes run on to the angles of the pi ism, it is 
needful the bed should be inclined 45° hoirzontally for the 
pyramids, and also 45° vertically, for their displacement 

The icosahedron fig 770, with 20 planes each an equilateral 
triangle, may be viewed as two obtuse pentagonal pyramids, 
united by fiusta of two other pentagonal pyramids a to b, the 
sides of which aie very acute and interposed The icosahedron 
may be saw n from the pentagonal prism nearly in the manner of 


* Mathematically, 54 44 8' 
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the last, the first guide is the angle of lOf degrees * and suitable 
to cutting the two cential frusta This guide is first employed as 
m fig 756, and then shifted as m fig 757, the 10 cuts produce 
the 10 angles, each of 60°, constituting the central zone of the 
figure The extreme end of the piece is then sawn at five cuts 
on a bed of 52 J degrees f so that the five planes of the outei 
pyiannds constitute equilateral triangles exactly terminating on 
the line a, or on the sides of one series of five tnangles and the 
points of the other senes constituting the central zone of the 
solid The icosahedion is removed fiom the prism by placing 
the guide block as m 757, and cutting the second pentagonal 
pyramid, which similarly to the first, falls on the line b and just 
meets both the sides and angles of the 10 central triangular 
faces, when the work is accurately performed every point is the 
center of a group of five equilateral tnangles 

The solid fig 771, with 24 equal trapezoidal planes may be 
viewed as two fiusta of octagonal pyramids joined base to base 
with continuous edges, and surmounted by two obtuse four sided 
pyramids This solid belongs rather to mineralogy than geometry, 
and occui s with various angles its usual name is an icositessei a 
heebon butit has been sometimes teimed a inajpezohechon fiom 
the shape of its faces three of its Varieties will be noticed In 
the first,the three quadrantal sections namely, through Ao E 
through C o Gr, and through ABCDEFGH, are all regular 
octagons, and the angles of the solid are throughout alike this 
variety may be therefore called the regular trapezohedion In 
others the three sections are irregular octagons, and the alternate 
angles dissimilar, these may be called liregular trapezohedia 
and two of these varieties that occur m mineralogy are referred 
to m the annexed table 

The regular trajpezohedron may be sawn from the regular 
octangular prism, by means of two beds, one of them inclined m 
two directions The first bed for the frusta of the two central 
pyramids, is inclined 21 degrees horizontally, or on*the line B C, 
fig 756 The second bed for the two exterior four sided pyia 
lmds, is inclined 5 9| degrees horizontally on the line B C,fig 756 
and 22 \ degrees vertically, as at b, m the same gioup m ordei 
to twist the prism on its axis, because the four terminal planes 
run on to the angle of the octagon 

* Mathematically 10 48 44 f Mathematically, 52 37' 21 

3 F 
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The four planes of the terminal pyramid produce tiapeziums, 
and which are increased by trial, until they just equal the eig it 
trapeziums formed by the partial obliteration of the central 
pyramidal faces The second four sided pyramid, which com 
pletes and releases the solid, is merely an inversion of the first 
The nregular or mmeialogical trapezoliedia, may be pioduced 
from the regular octangular pnsm, neaily in the mannei just 
explained, bythe employmentof diffeientangles, that are stated 
exactly in the annexed table which shows the comparison of the 
three varieties of this solid selected for illustration 

Alternate angles of Beds for the central Beds for the tormina! 
the solids paits _ parts 

ACEGBDFH a ^ s Wedge a ^Tos angles 

Reg Trapezohedron 135 0 135 0 9 0 56 none 59 38 22 $0 

l rreg _ 126 52 143 8 24 6' 8 8 54 44' 22 30 

_! 143 8 126 52 17 33 8 8 64 46 22 30 

The table supposes the regular octangular prism to hem e% eiy 
case used, but fo produce the irregular pyramid fiom the ? eqular 
pnsm, requires the use of a wedge, as explained m page 773, and 
the angle of the wedge is half the difference between the two 
external angles of the prisms, which aie simply the reverse one of 
the other The wedge becomes unnecessaiy if prisms aie J>re 
pared, having the same irregular section that occurs m the second 
and third solids, and which is the pieferable mode If the lathe 
with revolving cutters and dividing plate is used for prepaiing 
the pusms as heieaftei recommended instead of stopping the 
lathe at eight equal spaces, or taking 45° each time the angles 
taken alternately are the supplements to the two external angles 
of the pnsm, common to the second and thud solids, namely 
58° 8 and 36° 52 ', which together aie equal to 90° I When 

* The irregular trapezohedron m another of its sections is a regular hexagon, aw 
Eig 772 lllustiated by the figure 77° six of the trapeziums then con 
stitute parts of the original prism three trapeziums at an 
obtuse angle form the summit of the crystal and throt pans 
of trapeziums are situated moxe acutely and intermediately 
The trapezohedron might be theiefore also worked from the 
hexagonal prism by aid of two beds of the particular angles, 
one of them having a double inclination 
f The angles for the dividing plate are consecutively as follows 

1— 53 8 3—143 8 5—233 8' 7—323 8 

2— 90 4—180 6—270 8—360 

Unless the lathe has an index with an adjusting screw tho 8' must m each < aso bo 
neglected but it is an admissible eiror 
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the wedge is thus dispensed With* the vertical angle 22° 30' suit 
xhle to the regular prism, becomes 18° 26' for the second and 
26° 34' for the thud solid m the table, or half the supplements 

The order of pioceedmg given, m reference to producing the 
various solids with the circular saw namely fix st to saw the central 
parts of the solids and then the terminal planes or pyiamids, is 
in all cases advisable when onlv one or two solids of a land are 
made as the equality of the faces is then arrived at by two 
adjustments in place of four The two central portions are 
simply inversions one of the other, and necessarily agree ivithout 
trial, the central part thus produced, serves as the base from 
which to deteimme the two adjustments for the terminal parts 

As however, every step of this process depends on the pnmaiy 
accuracy of the prism, which serves as the means both of guiding 
and holding the pieces, whilst under formation, it is desirable as 
regards the more complicated polyhedra, that those who possess 
the lathe with revolving cutters, for ornamental turning, should 
make or at any iate finish the prisms therewith, which will 
thence acquire an unexceptionable degree of accuracy The 
trouble of piepanng the wooden prisms, may be entncly saved, 
if metal prisms of the seveial sections each with a conical hole 
to seive as a driving chuck, aie prepared The pieces of wood 
for the solids aie then roughly turned as cylindeis with conical 
stems which are driven into the prisms for then attachment 
The metal pnsms maybe used for an indefinite number of pieces, 
they save much tioublc and uncertainty, and are especially 
desnable m the more complex polyhedra 

I here aie other and veiy different ways of making the 
geometncal and ciystallograplncal solids Sometimes the wood 
is prepared with the plane alone, into prisms of unequal sides and 
angles , so arranged, that two or four of the sides of the solid, 
may be parts of the surfaces of the original pi ism, and that some 
of the edges of the solids may fall on the lemammg faces of the 
pnsm The plane is then used subsequently to the saw machine, 
m perfecting and smoothing all the faces 

These modes do not admitof the same generalisation oi facility 
of method as that described, which the author believes to be 
original, and that maybe called the method of double pyramids 
and which he was led to work out practically to the extent set 

3 r 2 
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forth,m order to show how much ma\ be done by the saw machine 

and vanous simple adjuncts 

The author has now the pleasing duty to acknow 0 
kindness of Piof.ssor Wdlns, who has examined e«™nl 
details matkematie ill,, and furmslied the corrected angles tint 
are given m tlie notes and table 


Many crystals that occur m mineralogy aie considered to he 
derived from the primary solids, especially from the tetralu di on, 
cube, octahedron and the rhombic dodecahedron, bj the ohhtf m 
tion of some of their edges and angles m vanous ways , oi as it 
is said m mineralogy the edges aiebevilled on cplaccd, tin points 
or angles aie t>uncateil By way of geneial lllustiation ot the 
method of producing these secondary crystals fiom thur pnma- 
nes, a few of those derived from the cube are dcmonstiati d by 
figs 773 to 778 but numerous other crystals, fiom this and othu 
primary solids, might be advanced 

The cubes are first piepared as described on pago 774, and 
their faces are rubbed smooth, in cutting their edges and 
angles, beds similar to fig 779 are required The lattci may bo 
made entirely with the saw, for example, the rectangular block 
is supported on the face A, and two incisions a b, each at 
45 degrees, are made by means of the saw and protractor, then 
the piece being placed with B downwards, and with the face A, 
against the paiallel rule, the perpendicular notch c, is sawn, the 
three cuts lelease a piece of wood, leaving a cubical matux 


Figs 773 774 775 776 

Fig 773, the cube with bevilled edges, requires that the c dgos 
of the cube should be parallel with tlie saw, and the guide is the n 
placed, as m fig 781, that is, before the protractox, whu h is sc t at 
zero, and s is the stop for the quantity each of the 12 edges is 
bevilled or truncated Cubes with two bevils or planes on c ach 
edge, may be bevilled with the position 781, provided the guide 
is tilted up some 20 degrees, by fixing a wedge of °0 chgiecn 
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beneath the guide, as dotted m fig 779, or otheiwisehy making 
a srnnlai bed fig 780, with the angles 25 and 65 lnsterd of 45, 
which will make a rectangular notch, inclined 20 degrees, as in 
fig 780, so that the wedge may be dispensed with 




a 

Fig 774, the cube with three bevilled planes at each angle of 
the cube, (one angle only being shown) is obtained with the 
position of fig 781, but the protractor is then set about 10 
degiees from 90, so as to cut off every edge of the cube by 
two cuts slightly inclined The square face of the cube then 
becomes an octagon, if the facets meet as lepiesented In dotted 
lines or a dodecagon when the bevils do not meet The bed, 
if also inclined vertically, as by the wedge m fig 779 will 
duplicate the angular chamfeis, and it is cleir this elaboration 
may be earned systematically to any required extent 

Fig 775, m which the angles of the cube aie truncated on 
the diagonal require that the bed fig 781, should be placed at 
35 J degrees * md then the angles of the cube will be cut off 
neuly at 54|- degrees to every plane, or at right angles to the 
diagonal, and this little facet, m like manner to the above, may 
be converted into three planes, somewhat after the manner of 
fig 774, if so requiied 

When, as m fig 776, the angles of the cube are so fai obhte 
rated, that the eight little triangular planes exactly meet, the 
cube is converted into the cubo octahedron , a solid having six 
square faces and eight triangular faces, the whole of which aie 
equilateral one only of each is represented to avoid confusion 
By puisuing the last method a little fuithcr, so that the tnan 
gulai faces encroach upon each othei, they fust produce a little 
ridge intermediate to the neighbouring facets, and earned to the 
proper extent, convert each of the triangular faces m fig 776 

* Mathematically 35 15' 52' the same angle as that employed to pioduce the 
cube from the regular pnsm with 3 or 0 sides, by six pyramidal cuts, and also 
the regular octahedron from the squ ire prism 
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into equilateral hexagons, m fig 777 the six little square feces 
are all that remain of the originall cube and these squ^s^ 
united by eight hexagons, all equilateral The nam b 

■when perfected is the «* octahedron and which implies tliat tins 
solid may be also obtained from the regular octahedron, by 
obliterating its six points, which develope the six ^ and 

the hexagons are then consequently parts of the octahedron 
If as mfig 778 all the angles of the cube could be truncated 
by planes extending from angle to angle, the cube would dc scene! 
to the octahedron With the cncular saw this is impracticable 
to the full extent, although some of the planes may be dove 
loped but the mineralogist produces the octahedron fiom cubes 
of fluor spar, which splits diagonally fiom eveiy point of the 
cube with great facility 

When the octahedion is produced by the cleavage ot fluoi, 
fuither reduction only makes a smaller octahedron, wine h foini 
is thence described as the pnmary crystal of this mmeial In 
other mineials, the cube is the primary to the octahedron 
It is expected that enough has been said to show that, with a 
little contilvance in the cairymg out of the methods advanced, 
a vast number of even the most complex models of geonictnc al 
and crjstallographical solids, with plane surfaces may he pio 
duced with comparative facility and great exactness, by the 
saw mac hin e, and the mechanical amateur will find it a some 
what fascinating study, especially if he be likewise uitcicsted 
m geometry or crystallography 

Ihe circular saw should be lather stiff, and have fine teeth, 
as then the planes developed by the instrument will be tolerably 
smooth, and merely lequire to be rubbed slightly on a sheet 
of fine glass paper, 1 ud on a flat bond 01 metallic surfin c they 
aie sometimes cleaned off on a wooden face wheel, on which 
powdered glass or flint is glued aftei the manna of glabs papa 
In concluding this section, the author begs to add that the 
whole of the various works desenbed, subsequently to page /(Hi, 
may be executed by the amateur with the machine represented 
on that page, aided by the simple additions described Ihe 
remainder of the chapter refers to larger sawing maclunei}, 
principally used by manufacturer 
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SECT VI—COMMON APPLICATIONS OF CIRCULAR SAWS 
TO LARGE WORKS 

In the present section it is proposed to descube tlie principal 
points of construction m large circular sawing benches, such as 
aiein general dnven by steam power and used foi \arious 
manufacturing purposes Some remarks aie fii st offered on the 
conditions and proportions of the cnculai saws themselves, and 
the subsequent matter is arranged under the sub diusions 
employed in the last section and enumerated on page 752 
1 Conditions and pi oportions of cm culm saws —It appeals to 
be unc illed for to enter into particulars on the manufacture of 
cncular saws especially after the remaiks already offered (pages 
683—6 98 of this Volume,) on the modes of constructing sharpen 
mg and setting rectilinear saws, as the methods are nearly 
similar for both kinds, and some remaiks on the cncular saw in 
particular, aie given on the fiist and last of the pages quoted 
As regards the methods of hammenng and blocking circular 
saws, to give them the right degiee of flatness and tension, a 
point of consideiable importance, the reader is referred to the 
section ‘ On the principles and piactice of flittening thin plates 
of metal with the hammer, (vol i ,p 414—122 ) uid particularly 
to the remaik, (p 419—20 ) on the piopnety of keeping the edge 
of the saw * lathei tight oi small pnor to its being set to work 
So that the heat communicated to the edge in the eouise of 
work may by sto etching the edge, render the blade tense alike 
throughout , whereas had the saw been at first rather large or 
loose on the edge, the expansion at that pait would rendei it 
so loose or flaccid on the edge, as to cause it to vibrate when 
at work, which is a great disadvantage 

The teeth of both circular and rectilinear saws have been 
considered at some length, both as regards then outlines, (pages 
683—687,) and m respect to the modes of sharpening and setting 
them (pages 688—698), but on the whole it may be said that the 
teeth of circular saws are more distant , more inclined , and more 
set, than those of rectilinear saws 

I he teeth of circular saws are more distant than those of straight 
saws, because their gieater velocity causes the teeth to fallow m 
such rapid succession, that then effect is almost continuous, the 
distance is c uned to the extreme m Mi R Eastman scircularsaw, 
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TABLE OF THE DIMENSIONS OF CIRCULAR SAWS 
mairnmm of efeet aie from the expedience of Mt Oud lopkam J J 


(1) Smote Plates os equal Tmoimss THBOEanotfi 


Generally called Bench Saws and used either for thick or tlmi Wood 


Diamotoi 

Gage of Plato 

Form of lootli 

Space of Tooth 

2 inch 

23 to 

28 

644 to 646 


to m 

3 

21 

27 



4 

4 

20 

26 


h 

l 

6 

19 

24 


A 

4 

9 

17 

22 

644 to 653 

1 

4 

12 

15 

21 


t 

i 

15 

14 

20 


h 


18 

13 

18 


4 

i 

24 

12 

16 



14 

36 

10 

14 


1 

2 

48 

8 

12 


14 

3 

60 

6 

9 


2 

4 


Rcv< lutionH 
per Minute 


2000 
1800 
1600 
1400 
1200 
1100 
1000 
4)00 
760 
500 
BOO 
3 JO 


II 11 HUH 
I OWOl 


1 

n 

2 

4 

H 

4 


(2) Single Plates bev illed on the Fp qe ^ 

"Generally called Bevilled Saws and used for Venom b 
T he largest medium and smallest of tho ordinary sues alone are given 


Dminotor j 

Wi It'll of 
Bovils 

Gage of 1 
Plvte 

Gago of 
Edgo 

Form of 
Tooth 

Spaco of 
Tooth 

Revs nor 
Minute 

Hot Mt H 

1 WWW 

8 inches 

2 to 3 in 

12 to 15 

22 to 28 

644 or 645 

J to i m 

1100 


OO 

3 5 

10 13 

20 25 


1 4 

800 

1 

36 

4 6 

8 11 

18 22 


i i 

550 

2 


(3) Sfomevis eixld ro a Disk and bf\iitid on mi 1 does 

Geiicrany"cailcd Segment oi Vcnoei Saws ind used for Vcnoere Mid Him Wood 
Iho Invest medium and smalkst of tho oidmuy bi/<h ilono wo given 


Du 

motoi 

N f 
Bog 
in cuts 

Wi 1 th 
f 

Segments 

Width 

f 

Be vil 

5 ft 
12 

18 

lOtQlfi 

15 20 
20 30 

5 to 8 m 

51 9 

6 10 

2 to 34 m 

U 44 

3 5 


Gag i 
oi 

11 lie 


Ga^e 

f 

I dj, c 


11 tol2 2tto28 
|10 11 22 2b 

9 10 h) 21 


1 < nn 
of 

I oth 


611 or 6 If) 


Si u c 
of 

Tooth 


li to i 1,1 

h jt 


Hovh 

pm 

Min 

3d) 

HO 

85 


H< Hit « 

I W( I 

1 

5 

(t 


Eenc^i saws below about one foot diameter are usually mounted on spmdlen 
running on conical steel centors and duvui by catgut binds those above one 
foot on spindles running m cylindrical briss be umgs md dnvon by leather wti ijw 
Compared with tho diameter of the saw and spoalung generally the hole m eye 
may be considered to measme f 1 om J to /, pait of the diameter that of the ilange 
of the spmdle from J to £ pai t of the diameter of the pulley for 1© ither »t i ips 
ibout J and for tb© catgut 4 the di&metei of the saw 
r lbe velocity of the edge of the saw varies fiom about 4500 feu i to 5000 fei t fit i 
minute and the greatest thickness of work done can scarcely e\c,ood 4 the diauu tc i 
of the saw and is generally below ■£ the diameter 
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witli only eight sectional teeth (see fig 791, p 797) The 
teeth of circular saws are more inclined , because such teeth cut 
more keenly, and the additional power they require is leadily 
applied by the great velocity and momentum that may be 
given to circular saws Ike teeth of circulai saws are moi e set, 
to make a wider keif, which is required, because the large 
cncular plate can neither be made nor retained, so true as the 
nanow straight blade The genei il proportions of circular saws 
are given m the annexed table 

It is generally politic, to use for any given woik, a saw of as 
small diameter as circumstances will fanly allow as the resist 
ance the surface friction and also the waste fiom the thickness, 
rapidly increase with the diameter of the saw But on the other 
hand, if the saw is so small as to be nearly or quite buried m the 
work the saw plate becomes heated the free escape of the dust 
is prevented, and the rapidity of the sawing is diminished 

Hassenfiatz, Emy and other French writers on carpentry, 
have described the mode of cutting thick logs of timber, as m 
fig 782, by means ot two comparatively small saws each extend 
mg alone to the center of the log The saws ai e m the same plane, 
but one above and the other below the log, and a little removed 
to avoid the contact of then teeth, but from the leasons above 
stated, and some others, the plan is but rarely if at all adopted 


Figs 782 783 



Under most circumstances, it is best to employ that part of 
the saw which is nearest to the center, and it maj be stated 
generally that, as m fig 783, the diameter of saw s, should 
be about four times the average thickness of the wood w , and 
tint the flange on the spindle, should be as nearly as prac 
ticable flush with the saw table or platform p p 

In addition to various other particulars m the table on circular 
saws m attempt his been made to tabulate the velocities pioper 
for chflcient saws and the amount of power severally required, 
but these numbers must be tccuved with some latitude, because 



786 


CIRCULAR SAWS FOR LARGE WORKS 


they aie very much influenced by accidentil circumstances 
Amongst these are the particular quality of the wood 01 other 
material, as to its hardness and giam, its gi eater or less freedom 
from moistuie, 01 from gummy or resinous matters also its 
magnitude, and the degree of smoothness desned in the surfaces 
left by the saw all these circumstances demand certain variations 
m the proportions and conditions of the saws used A few words 
will be therefore added respecting each of these conditions 
The haider the wood, the smaller and moie upnght should be 
the teeth, and the less the velocity of the saw, hence it follows 
that the rate of sawing is proportionally slow 

In cutting with the gram 01 lengthways through the fibres 
the teeth should be coarse and inclined, and the speed moderate, 
so as lathei to cut the lemoved wood into shieds than to guild 
it into powdei, as the more minute the sawdust, the gi eater 
the powei that must be expended m its production 

In cutting acioss the giain, the teeth should be finer and 
moie upnght, and the velocity should be greatei than in the 
last case so that each fibre of the wood may be cut by the 
passage of some few of the consecutrve teeth, "rather than be 
tom asunder by one tooth only 

Wet wood is softer than di y, and is therefore more easily cut, 
but the saw is required to be keener and more coarsely set, the 
waste is consequently greater 

Foi gummy 01 oesmous materials, and for ivoiy, the saw teeth 
aie required to be veiy keen, and the velocity comparatively 
slow, to avoid the dust becoming softened and lendeied adhesive, 
as it will then stick to the blade I his disposition is lessened 
by lubricating the saw either with a tallow candle, solid tallow, 
laid, or oil applied with a brush 

"When the object is to get thiough as much woik as possible, 
the rapidity with which the wood is then advanced, will pi event 
legulanty m its progress, and consequently likewise m the saw 
marks on the wood The saw is then liable to be overloaded, 
if so it vibrates rapidly sideways with gieat noise, requires 
greatei foice, but nevertheless proceeds thiough the wood 
slowly and leaves it full of coaise ripple marks 

Smooth sawing requires the work to be legularly advanced 
towards the saw, and the latter must be keen and veiy uniformly 
set, as one tooth projecting beyond the geneiallme, is sufficient 
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to score or scratch the woik It is a proof that the saw was m 
most excellent order and well applied, when the portion cut m 
every revolution of the saw, cannot he detected by the corre 
spondmg marks left on the wood or othei material 

% Spindles f 01 cn cular saws exceeding about one foot diameter 
—Saws of this magnitude aie seldom used on spindles mounted 
between pointed centers as represented on page 754 but on 
those lesembling the sections figs 784 and 785 These spindles 
revolve m beaungs or brasses b b, made m halves, and securely 
united to the stationaiy fiamework of the saw bench The end 
play, or end long motion of the spindle, is usually prevented 
alone by the two collars or projections c c , which embrace the 
one bearing, sometimes, however, the one collar c , fig 785, is 
screwed on the spindle to admit of adjustment, and has a side 
screw to letain its position, or else the collar c', is in the solid, 
as usual, and a fixed screw s extenoi to the pullej, is made to 
bear on the end of the spindle 

Each spindle has a wooden or non pulley of about one third 
the diameter of the saw for the driving strap, butm mills driven 
by power a fast and a loose pulley of equal diameter are placed 
on each spindle, as m fig 786, so that the spindle may be dis 
connected with the engine by throwing the stiap on the loose, 
free, or live pulley 



Saws below about 20 inches diameter, are commonly held like 
those previously described, between the flat surfaces of the collar 
oi projection e, that is forged m the solid with the spindle, and 
the suifacc of the loose collar or washer w, is m fig 784 , one 
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steady pin then suffices, and which is fixed near the penphery 
of the flange Large saws require flanges say from 5 to 10 
inches diameter, and which aie then added to the spindle, as m 
fig 785, the one is fixed by a feather oi parallel key and car 
lies thiee steady pins all the steady pins are represented black 
m the figures 

The loose flange is sometimes piessed up by onl} one screwed 
nut n , but it is preferable to have two, of different threads, that 
the second may prevent the first from being accidentally loosened, 
as the two then unwind at different rates and check each other’s 
motion Either the one nut is right and the other left handed 
as m Colhnge s patent axletrees or else both nuts have right 
handed threads whiGh differ m pitch as well as diameter 


3 Benches and platforms for large circular saivs —These are 
m general flamed together very strongly in wood, in the ordi 
nary manner of carpentry, they measuie from about 4 to 12 
feet long to 4 feet wide, and 2} to 3 feet high r I he bear 
mgs for the saw are placed close beneath the platform, and at 
about the middle of its length , the central pait of the bench is 
represented in plan in fig 786 

To arrive at the saw spindle for the purpose of changing the 
saw, there is frequently inlaid in the platform a rectangular 
frame of cast iron with a rebate on the inner edge, fitted with a 
loose iron panel in two pieces to form the cleft for the saw The 
panel is supposed to be removed to show the nuts and stops for 
the saw, and before the saw can be changed it is also needful 
to lift out the wooden bar, which lies across the end of the 
spindle and against the saw the bar is added for the purpose 
of carrying the stops s $, to be explained 

Sometimes the bench is neaily coveied with plates of lion to 
lessen the friction of the timber upon it and m benches foi 
heavy woik, the half of the platfoim m front of the saw is occa 
sionally made as a slide, with a rack, pinion and winch handle, 
by which it is moved endlong The woik is m such cases placed 
against a ledge or cioss piece on the slide, and is earned to the 
saw with gieat facility A few saw benches for some specific 
kinds of work, are constructed entirely in non 


4 Stops to prevent the vibration of large saivs —These are in 
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many cases inlaid in the wooden bed of the machine, beneath 
the iron plate by which access is obtained to the saw, as shown 
m fig 786 The two grooves s s, nearest the penphery of the 
saw are m some instances each entirely filled with a block of 
hard wood, kept m position by the top plate, and set forward 
fiom time to time by pieces of card or veneer placed behind 
them to compensate for the portion worn away by the saw At 
othei times, the giooves aie fitted with blocks of wood or metal 
which have mortises for fixing sciews, as shown on a larger 
scale at / s these admit of adjustment and fixation Sciewed 
holes are also used, especially m the iron framings, cylindrical 
wooden plugs from f to f inch diameter are then sciewed into 
the holes and set forward to meet the saw 



Large saw machines have sometimes wedge foim pockets 
beside the saw plate, which are filled with greasy hemp, the 
downward motion of the saw carnes the hemp into the narrow 
pait of the pocket, and pressing it against the saw checks the 
vibration This method, although it causes more friction is 
nevertheless much approved of as the elasticity of the packing 
enables the saw to be at all times closely gupped, which on 
account of its small nregularities cannot be the case when ngid 
metallic 01 wood stops are used but hemp is less suitable than 
wood for small saws Frequently the stops aie applied to both 
the front and back edges of large saws, as shown m the figure 
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5 Parallel Guides fir cereuU, ww-Th. P^W 

“ ostly added ‘"JrSedTfor'’dr«wmg,°»« »■« * ““ U, ° 

mspecfaon of fig 786 The puno.ple reqmr.si th«t .ho fo.u 
centeis of the p uallel rule should constitute the four angles of a 
parallelogiam, or that the four sides should be exactly two pairs 
with which View the two radius bars are clamped togetliei and 
drilled as a solid bai and so likewise are the long bais Un ess 
the centers or pms fit accurately it will be found that when 
the bars he very obliquely, that the front bai 01 fe nce will 
have a rolling motion, as on a center, instead of being fum and 

parallel _ . 

In some few cases the long metal bars are dispensed *itk, 

iron ears or plates, for two of the centeis aie then fixed to the 
wooden fence or rail and the back centers are smnlaily attac lied 
to the platform itself, through which a circular moitise, paialkl 
with the paths of the radius bars, is sometimes made foi the 
clamping sci ew that fixes the rule It is, however, bcttci the 
rule should he constructed as in the figure 786, and quite mdc 


pendently of the platform, to admit of ready detachment The 
long back rod is then essential, and also a fixing bai, placed as 
a chord to the arc desenhed by the radius bars, and retained by 
a screw and nut passing through a moitise m the bar 

In the above construction, the long fence moves m an are , 
like those described by the radius bars, and shown by the doth d 
lines, but the three bar parallel rule is sometimes cmplc>)cd, 
because it may be opened m a right line and theicfoie moves 
simply sideways to the saw its path is dneeted by a pm lutlu 
long bar 01 fence, which enteis a straight gioove made trann 
veisely m the platform The constiuction of the tlnec but 
parallel lule is neaily a duplication of the foimei, and as it is 
equally impoitant that the centers of the snmlai paits should 
be equidistant the four radius bais are drilled togethu, to 
ensure their similitude, and so are also the three long bats 
In the two and three bar parallel rules, two slit clamping bats 
are occasionally used, which entirely restiam any wnggle, as 
they secuie both ends of the fence, the papenduul u height 
of which vanes from two to ten inches, aecoiclmg to the nature 
of the work to be sawn 
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6 Sawmq the sides of i ectcmgular 'pieces —In both small and 
lirge sawing machines, the woik is applied much m the same 
manner, but m saw mills two individuals are commonly em¬ 
ployed, one to hand up and thrust forward the work, and another 
to assist by dragging and afterwaids removing the work from the 
bench When the pieces aie short, the person who pulls com 
monly uses a tomahawk , which is like the half of a small pickaxe, 
the point of which is stiuck into the wood to serve as a handle 

When a log or round piece of wood is applied by the hands 
alone to the circular saw, it is difficult to get the first cut exactly 
true, as the wood is apt to roll on the two or tlnee points at 
which it may touch the platform, but when the saw has pene 
trated a little way, the blade itself materially assists the holding 
of the work One cut having been made the flat side is placed 
downwards, and a second cut is made from either of the edges, 
and provided the first side is moderately true, the second will 
become at right angles to the first the third and fourth sides 
will he found to present no difficulty 

As a ready means of adapting the parallel guide to works of 
different widths, a parallel piece of wood is often placed along 
side the object to be sawn Thus m cutting the blocks for 
wood-paving, the round larch timber is first cut into pieces 
about 3 feet 6 inches long and these are for the most part, 
sawn into pieces six inches square but should any of them fail 
to hold that size, a parallel board half an inch thick, is placed 
alongside the work, which is then reduced to the next following 
size, or 5J inches square And m the same manner pieces of 
two dimensions, as of 2 by 1 inch m section, are m some cases 
cut by setting the parallel rule to 2 inches, and packing the 
work the thin way, with a piece 1 inch thick * 


* In reality the standard size of the squared timber for the blocks of the 
Metropolitan Wood Paving Company, is 5 } by 6 inches but the round lo 0 s aie 
cut as laige as they will respectively hold the one measure being always half an 
inch more than the other The wood is used very soon after it is felled and is 
so wet that the men find it needful to suspend a board over the saw and at right 
angles to it this arrests the saw dust which if allowed to drive against the 
attendant soon wets him to the skm 

In some woodcutting processes a scieen of wire gauze is placed between the 
woik and the workman that he may be enabled closely to watch the operation 
without risk of the shu\ mgs entering Ins eyes 
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machines ron specific works 


SECT yn -LESS COMMON OR 


SPECiriC APPIICA1IONS 01 


CIRCULAR SAWS TO LARGE WORKS 

It mart,, coffered that m the tot sedon.the ,c,„»l e „„ 
the stojtare .nd use of the am,to so. bench .ere concluded 
so to as concerns rts ord.nary apphotton to the , envoi™,. 0 
timber into scantling, or squared pieces of various si/cs u 
it still remains to notice, in continuation some of the misulla 
neous and laige applications of cnculai saws, which so fai as 
admissible will be introduced m tlie ordei foimerly adopttd, as 
the subdivisions 7, 8 9, and 10, will be repeated, to wlmli will 
be added tbe sawing of curvilinear woilcs, and some otlici less 
classifiable matters 

Paitof the conti lvances for these woiks, are mcicl} additions 
to the oidmary saw bench others aie machines expicssly con 
structed for their respective purposes , but to save unneu ssaiy 
subdivision they will be collectively and bncfl) noticed, as the 
principles rather than, the mechanical details will be advanced, 
together with references to such published dcsaiptums of them 
as have come under the author’s notice Two conti ivancts foi 
obtaining an accurate base to woik from in pieces not on gin ally 
straight, will be first refeired to 

Tbe late Mi Smart, m obtaining the fii st true side m irregulai 
pieces three or four feet long, intended for the staves of casks, 
attached the pieces to an external fence or guide The wood 
was giasped by its extremities, somewhat as between the o< ntas 
of a lathe m a kind of trough made of two boaids umted at 
right angles one end of the trough had a solid bloc k of wood, 
that could be fixed at vanable distances the otlici end had an 
non bar, roughened at its extremity, and biought up by a xa<k 
and pinion so as to stick into the ends of the wood, the giasp 
being secured by a ratchet 

The trough was considerably longei than tbe length of the 
wood to be sawn and two studs projected flora its extremities 
beyond the side of tbe work These projections weie made 
to rub against tbe face of the parallel mle, and avoiding the 
saw, to direct the cut exactly m a light line, and produce, 
on the irregular wood one flat suiface that might setvc as 
the base for the subsequent operations * The same end is 

* See Trans Soc of Arts Yol 47, plate 8 
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differently obtained, and on larger pieces of timber, m tlie 
following method 

In the Ravensbourne w ood cutting mills at Deptford, battens 
10 or 12 feet long, and intended to be sawn and planed for 
flooring hoards aie grasped by their upper and lowei edges and 
without strain by screw teeth 01 dogs built out from a carnage 
which runs m V bearings the slide is carried by a self acting 
rack and pinion movement, past a circular saw revolving m a 
vertical plane, which slams the side of the batten and leaves it 
as stiaight as the V slide itself Ihe traversing carnage 01 drag 
of this machine, is closely analogous to that of the veneer saw 
to be hereafter noticed 


7 Sawing grooves rebates, and tenons —These works maybe 
accomplished in the large waj, in the modes already clescnbed 
on page 761 The flooring boards of the warehouses m the St 
Kathenne s Docks London, weie giooved on each edge upon 
an ordmaiy saw bench, for the reception of strips of hoop iron 
used as tongues to prevent dust falling thiough the joints and 
the fiames for doois are occasionally grooved for the panels m the 
same manner, but with thick saws The still wider rectangular 
giooves m the blocks for wood pavement are cut out with 
two ordmaiy saws on the same spindle having two 01 more 
intermediate chisels, to cut the bulk of the removed wood into 
chips 

ihe mortises in the shells of ships blocks, for the leception 
of the sheaves are cut by small double cncular saws a hole is 
first bored through the shell at each end of the mortise, and the 
saws are then made to penetrate fiom each side, and nearly 
complete the mortise, m a less expensive manner than with the 
mortising engines m Portsmouth Dockyaid 

The squares or tenons of the steel pins for harps, by which the 
strings are tuned, are also cut by means of two thick saws, sepa 
rated to the extent of the side of the square , the pm is presented 
twice to the saws the second position being at light angles to 
the first The equality m size of the squares is also ensured by 
this method, so that they all fit the same tuning key 

Rebates may of course be cut upon the oidinaiy saw bench 
at two processes, as befoie explained, but they me also made by 
two saws mounted on separate spindles, and pla( ed m the exact 

1 r 
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directions of the two cuts required, one saw spindle is a little 
before the other, to avoid the contact of the teeth The angular 
grooves or rebates m the blocks for wood pavement, are thus 
made at one operation, m a machine with two saws at right 
angles to each other 

The combination of two saw spindles was first employed by 
the late Mr Smart m cutting the tenons for the construction 
of his patent hollow mast The small pieces of wood were first 
squared on all sides to the proper measures, each small block 
was then rebated, first on the one angle, it was then turned over, 
and the formation of the second rebate completed the tenon 
Another part of the same machine earned a mandrel and center 
bit, so that by the aid of a guide, the holes m the tenons could 
be also made exactly true and alike * 

Two saws mounted on the same spindle aie used m cutting the 
teeth of combs, which may be considered a species of grooving 
process One saw is m this case larger m diameter than the 
other, and cuts one tooth to its full depth, whilst the smaller saw 
separated by a washer as thick as the required teeth, cuts the 
succeeding tooth part way down, on the same principle as m the 
stadda, and rack saws figs 703 to 706, page 72o 

A few years hack, Messrs Pow and Lyne invented an inge 
mous machine for sawing box wood and ivory combs The 
plate of ivory or box wood, is fixed m a clamp suspended on two 
pivots parallel with the saw spindle, which has only one saw By 
the revolution of the handle, a cam first depresses the lvoiy on 
the revolving saw, cuts one notch, and quickly raises it again, 
the handle m completing its cncuit, shifts the slide that carries 
the suspended clamp to the right, by means of a sciew and 
ratchet movement The teeth are cut with great exactness, and 
as quickly as the handle can be turned, they vary from about 
30 to 80 teeth m the inch, and such is the delicacy of some of 
the saws, that even 100 teeth may he cut in one inch of ivory 
the saw runs through a cleft m a small piece of ivory, fixed ver 
tically and radially to the saw, to act as the ordinary stops, and 
prevent its flexure or displacement sideways Two combs are 
usually laid one over the other and cut at once , occasionally the 
machine has two saws, and cuts four combs at once 


* See Ghegoxy s Mechanics, 1807 ? vol 11 page 328 plate 26 
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8 Sawing or cioss cutting the ends of pieces, either square 01 
bemlled or those m which the angular variations ai e m the hon 
zontal plane —The saw bench is not much employed m cross 
cutting the ends of long timber for the geneial purposes of 
carpentry, but shoit pieces are sometimes guided to the saw, as 
m the small machines, by the intervention of either a wooden 
square 01 bevil,tlie one edge of which rests against the paiallel 
rule, the othei thrusts foiwaid the woik In cutting the squaie 
scantling for wood pavement into oblique prisms, a wooden 
slide is sometimes added to the saw-bench, with a trough exactly 
at the lequired angle, and m this case, as well as the last, the 
parallel rule serves as the guide for the length of the blocks 
The Metiopolitan Wood Paving Company employ for tins pur 
pose an iron machine which has a slide running in V healings 
or angular grooves, planed in the bed of the machine and parallel 
with the saw the cast iron slide is constructed to serve as the 
inclined trough to leceive the squared wood, and as an adjust 
able stop to determine the length of the blocks * 

The three following diagrams are intended to show the prin 
ciples of different cnculai saw machines foi cross cutting the 
wood is shaded m each of the examples, and the arrows denote 
the movements for following up the cuts of the revolving saws 
In cross cutting the round logs of lignum vitse for the sheaves 
of ship blocks Messrs Esdailes use a wooden saw bench, the 
sliding platform of which is inclined and has at its lower end a 
perpendicular lail, as m fig 787 The log of wood is laid in the 
nook, and the entire platform is then thiust by the hands past 
the saw which revolves on a fixed axis as usual, and thus the 
log is sliced into pieces their thickness being determined by a 
wooden stop, but it is necessaiy, m this machine, that the saw 
should have rather moie than twice the diameter of the log 
In the block machineiy at Portsmouth a somewhat elaboiate 
machine is used for the same purpose, which is so constructed 
that the saw s, need only be large enough to penetrate to the 

* The angle specified m the Count de Liles s Patent is 63 26 6 every block is 
afterwards chamfered on three edges grooved on the face and drilled with foul 
holes for the dowels m appropriate machines neaily the whole of which are con 
structed m iron and driven by two steam engines each of twelve horses power 
The thirteen various machines aie managed by sixteen men and fifteen boys and 
m one week of seventy two working houis produce on the average 30 000 blocks 
or 800 squaie yaids of paving 


3 r 2 
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center of the log, as explained m fig 788 A short log of 
lignum vitse is mounted on a kind of lathe mandrel, the saw 
spindle is then traversed sideways until the teeth cut to the center 
of the wood and the mandrel is afterwaids rotated once on its 
axis by a wheel and pinion, to extend the cut around the log 
One slice having been removed, the saw is withdrawn sideways 
to the dotted position /, and the mandrel and wood are set for 
ward through the collars, as much as the thickness of the sheave, 
by a screw at the back of the mandrel, prepaiatoiy to the next 
slice being removed 


Figs 787 



788 789 



Another cross cutting machine, after the manner of fig 789, 
and also contrived with a view of using a saw for work of neaily 
its own diameter, is used at Portsmouth, for cross cutting the 
butts of round elm timber, into short pieces used for the wooden 
shells of the blocks In this latter case, the timber is fixed hon 
zontally and immoveably, and the saw is carried in one plane, fixst 
down the one side of the timber and then the other To accom 
plish this the saw spindle is mounted at the end of a double 
swing fiame, near the centers of which are placed guide pulleys, 
for the strap that connects the saw with the steam engine The 
parts of the wooden swing frame, are double and strongly braced 
with iron bars, and the angulai movements of the fiame aie 
governed by racks and pinions, but the various details aie alto 
gether omitted m the diagram * 

9 Sawing bevilled edges and pi ismatic pieces , oi those works in 
which the angular variations are m the vei tieal plane —The most 

* The two machines figs 788 and 789 wcie invented by Mr (now Sir M I) 
Brunei and are fully described and figured in Booss Cyclopaedia article u Ma 
chmery for Manufacturing Ships Blocks and also in Fncycl Mott op pait 
Manufactures, articles 538 and 535 
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simple and usual method of accomplishing this class of work, is 
by the employment of oblique supplementary beds, as explained 
m fig 748, page 768, the hexagonal blocks for wood paying 
have been cut on the common saw bench, precisely m the mode 
there described for small hexagonal and other prisms indeed, 
the whole of the remarks already given on bevilled or prismatic 
works, are applicable alike to the small saw machines and the 
full sized saw benches 

In the sawing machine invented by Mr Bobert Eastman, of 
America, for cutting feather edged or weather boards, &c , (as m 
fig 790 ) the round log of timber is held horizontally, between 
centers inserted m the end of a long rectangular frame oi 
carriage, which has rollers that run on fixed bars or rails The 
round timber is placed above the revolving saw, which makes a 
vertical and radial incision into the timber, the slide then runs 
quickly back, and the wood is afterwards shifted on its axis 
for a new cut, by means of a dividing plate and appropriate 
mechanism The machine is automatic, or self acting, so that, 
the primary adjustments having been first made, the entire tree 
is cut into radial feathei edged boards without further atten 
tion The rough exterior edges of the board aie also cut away 
by sappers, or chisels c , screwed near the center of the saw plate, 
which cut away the sap or waste wood, and reduce the tree to 
the cylindrical form, sometimes, if the tree is large, two series 
of radial boards are out 



The account further states that ordinary steel saws, toothed 
all round as usual, were found to heat and choke when thus em 
ployed, on account of their being so deeply buried m the wood 
the inventor, therefore, contrived what he termed sectional teeth, 
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shown m fig 791 An iron plate of one eighth of an inch thick 
had four dovetail notches fitted with four pieces of steel,^each of 
which constituted two teeth m the foim of the “ hawk’s bill, 
the paucity of teeth was compensated for by giving the spindle 
a velocity of 1000 to 1100 turns per minute, and the saw is said 
to have penetrated with facility eight inches deep into white 
Canada oak The radial boards are described to be, (as explained 
m the former volume,) much less liable to split m shrinking than 
those cut out m the ordinary way * 

A mode, somewhat resembling the above, for cutting hexago 
nal blocks for wood pavement, has been recently pioposed by 
Messis Randolph, Elliot, A Co , of Glasgow, and is illustrated 
by fig 792 In this case, two saws are employed on the same 
horizontal spindle, and the headstocks, which are of iron and just 
like those of a lathe, pass exactly between and beneath the saws, 
which thus produce two parallel cuts at once The round timber 
being shifted twice and one third of the circle each tune, becomes 
an exact hexagonal prism thiee or four feet long, and is after 
wards cross cut into the proper lengths \ 

Professor Willis was m the habit of using the circular saw for 

blocking out Gothic and other mould 
mgs, for the illustration of arclntec 
tural science For example, if m the 
moulding, fig 793, the several cuts 
are made that are denoted by the 
surrounding lines the fillet and chain 
fers are definitively pioduced, and 
the maigins of the curvilinear parts 
are accuiately blocked out or defined, 
so that the mouldings maybe easily 
and faithfully finished by moulding 
planes 

The wood m such cases, is marked atone end with the sectional 
and formation lines, as m the figure, and then mounted between 
centers m a species of lathe, with a dividing plate, so that the 
hne a , first becomes horizontal The saw, which is also horizontal, 



* The full description of this machine with figures is transcribed from Pro 
fessor SiUimans American Journal of Science and Art into Gills Technological 
Repository 1822 vol 11 page 217 

f Practical Mechanic and Engineer s Magazine Ghsgow 1843, p 57 
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is attached to a land of slide rest, with three adjustments, a 
vertical and a lateral adjustment, to adapt the saw also to the 
line a, and a longitudinal adjustment, by which the saw is then 
traversed the entire length of the moulding The work is then 
adjusted on its axis by the dividing plate until b becomes 
horizontal and the saw having been as before adjusted to b , is 
swept the length of the moulding, and the two incisions remove 
the angle of the square block The cuts c and d similaily treated, 
lemove another poition of the wood that is m excess, and so on 
to the end all the cuts thus made become strictly parallel, or 
m prismatic relation to one another 

When the mouldings run on to a chamfered base or plinth, 
which commonly occurs m Gothic architecture, the plinth is 
first of all removed by a transverse and oblique incision of the 
saw, after which the mouldings are made, and finally the removed 
plinth is replaced without alteration, and the work is complete 

10 Sawing works, m which the angular variations are both 
the horizontal and vertical planes —All the observations and 
mstiuctions given m the former and coiresponding subdivision, 
are in truth applicable to large saw benches but the machine 
now to be described is more suitable to large works of this class 

In Mr Donkins saw bench, fig 794, the half of the platform 
in front of the saw is hinged like the flap of a table and has 
quadrants, somewhat after the manner of the sketch, by which 
it may be fixed for cutting any bevils within its lange The 
parallel rule is available for setting out the widths of the works 
and the saw is mounted upon a swing frame of cast iron, shown 
separately m fig 795 So that the quantity the saw projects 
through the table, as for sawing rebates, can be regulated by a 
cam c, upon which the one end of the swmg frame rests 

In cutting small bevilled works, such as those for the wooden 
cogs of cast iron mortise wheels, and various othei pieces, Mr 
Donkin employs a supplementary carriage, running upon three 
non rollers and guided by the hands against the parallel rule 
An idea of the carnage is also convened by fig 794 It is made 
m cast iron, and rectangular, but deficient of the half of the 
lower side, and carnes a centei screw, a dog or prong chuck 
and \ dividing plate, much as m a lathe, but the axis of these 
pirts, although sometimes horizontal, is generally vertical 
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The small pieces of wood are cut out square as usual, but 
somewhat too large they are then grasped between the dog 
and center screw If the pieces are parallel or prismatic the 
saw table remains horizontal as usual, if the pieces are taper or 
pyiamidal, the table is inclined, and which throws the guiding 
carnage to any lequired obliquity The parallel rule is next 
adjusted to enable the saw to cut the fiist side and should the 
object have four, six or more sides, the dividing plate is biought 
into requisition, for giving the foui or more angular positions 
The paiallel rule determines the respective distances of each 
side from the axis on which the woik is shifted 




In this ingenious manner, by the changing of the horizontal 
and vertical angles by the adjustment of the parallel rule, and 
by the projection of the saw thiough the platform, almost any 
piece, having plane surfaces may be sawn, and the setting once 
adjusted, an unlimited number of similar pieces maybe produced 
as it is only necessary to make the first cut, throughout eveiy 
piece of the entire number, then the second cut throughout the 
whole, the third and so on This is accomplished by leaving 
every adjustment undisturbed whilst the first cut is repeated 
throughout all the pieces, except the removal of the one block 
of wood from between the centers and the insertion of the next, 
and so on with each of the succeeding cuts The indentations 
made by the center screw and dog ensure the similitude of 
position throughout the entire operation 

11 Sawing Curvilinear Wooks —The trephine saw used m 
surgery, and represented neaily full size m fig 796 appears to 
have been by far the earliest of the circular saws of this kind 
It consists of a thm tube of steel, with teeth cut on the edge, 
of the peculiar form represented, and at the opposite end of the 
tube is fixed, by small side screws, the stem by which it is 
attached to the mechanism whereby it is worked 
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The motive apparatus of the trephine saw, is usually a cross 
handle like that of a corkscrew, or a revolving brace like that 
used m carpentry To guide the first entry of the trephine 
saw, the shaft is drilled and fitted with a drill point p p, which 
is fixed by a side screw s In the commencement, the point 
makes a small central hole and when the saw has once fairly 
penetrated the point is loosened and allowed to fall hack into 
the stem of the saw 

In another modification the center of the trephine saw is dis 
pensed with, as the “guide principle” is effectually introduced 
The saw is fixed at the one extremity of a cylindrical stem, 
which at the other has a wmch handle, the stem works freely 
in a vertical tube or socket with three legs constituting a tripod 
stand, therefore the axis is kept steady and vertical by the left 
hand, and whilst the teeth fulfil their office, the saw advances 
through its fixed collar by the pressure of the right hand, with 
which the winch handle is turned * 


* The arb of surgery has given rise to an enoimous variety of instruments a 
most complete collection of the representation of which both of the earliest and 
latest times was published byA ¥ H Seeng m a work entitled Armamentanwm 
Ohirwogicum oder moghchste 'volhtmidige Sammhcng von Albildwigm thn uigisc7m 
Instmmente alterer wid neueier 2eit The work contains 145 large and crowded 
lithographic plates and was published at Breslau m 1835 

It appears fiom plate 75 of this collection that the trephine saw was known m 
the time of Hippocrates and that both the blades and the mechanism for moving 
them have smee assumed numerous varieties of form 

The amputating saws set forth m this work as having been contnved or used by 
var ous eminent surgeons are modifications of the bow frame, and piercing saws 
for metal and the tenon and dovetail saws for wood they vary from about 14 to 
4 inches m length Some of the small saws analogous to the dovetail saw have 
edges more or less curved and the smallest of these dwindle down to a nearly 
circular plate of steel less than one inch in diameter seirated around the edge 
except where a slender wire teimmatmg m a wooden handle is nvetted to the 
edge of the saw plate These last are known as Heys saws and are principally 
used for the cranium and the metacaipal bones 

A saw intended for dividing deeply seated bones, is formed like the chain of a 
table clock but with the one edge serrated it is worked with two cross handles 
by the alternate motion of the two hands One of the handles is detached whilst 
the end of the chain saw is passed beneath the bone by a kind of semicircular 
needle The chain saw was invented by Dr Jeffrey of Glasgow 

A neatly similar chain saw is arranged as an endless hand passing around the 
grooved edge of a taper staff like the blade of a poniard but terminating m a small 
semicircle Theie are guaids to cover up poitions of the edge and a pi op oi 
sti ut to steady the instrument whilst the endless ohuii is put m motion by a wmch 
h indie attiched to a pm wheel around which also th< ehun on dilutes This 
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The trephine saw has given rise to various larger applications 
of the same land of instrument, having teeth of the ordinary 
form, and known as crown saws, annular , curvilinear drum and 
even as washing tub saws, the respective merits of which names 
it would be useless to discuss Small saws of this kind, when 
mounted upon the lathe are often employed for cutting out 
disks of metal and wood the material is in general thrust against 
the saw, by a block of hardwood fitted to the front center of the 
lathe, and frequently, as m making buttons, the cutting out is 
combined with the shaping of the two faces of the button 



In the block machinery at Portsmouth the crown saw is used 
for rounding the sheaves, which are cut out of tiansverse slices 
of lignum vitse, the wood is held at rest by its margin whilst the 


singular instrument is ascribed to S Heme and is figured on plate 60 of Seerig s 
work which also contains several schemes for using small circular saws but some 
of the mechanical arrangements are not clearly defined m the figures 

A circular saw proposed for cutting deeply seated bones and as an occasional 
substitute for the trephine saw was invented by Mr Thomas Machell of Durham 
surgeon and is accurately described m the Trans Soc of Arts for 1812 Vol xxx , 
page 150 In Mr Machell s saw the axis of rotation is constiucted withm the thic7 
ness of the blade so that two thirds the area of the circular saw may be depressed 
m the saw cut The saw is worked by a pm wheel the pms of which enter 
notches m the edge of the saw blade the pm wheel has teeth and is itself moved 
by a larger and more distant toothed wheel having a small wmch handle 

The great difficulty encountered m almost all the surgical saws arises from the 
removed particles of bone becoming mixed with the fluids and forming a thick 
paste which clogs and nearly stops the action of the blades To remedy this 
inconvenience Mr Weiss suggested that slits terminating m round holes should 
be cut m the edges of such blades as admit of these receptacles being made —See 
Weiss on Surgical Instruments page 10 plate 18 and figure 796 m the toxt 
Small bones are now more frequently cut by strong nippeis than by saws and 
many nippers are drawn on Seerig s plate 134 
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revolving mandrel, which carries the crown saw and also a drill, 
is advanced through its collars and rounds and bores the 
sheaves a at the one operation, ready for the coating engine, 
turning lathe, &c * 

Crown saws, as large as 5 feet diameter and 15 inches deep, 
constructed somewhat after the manner of fig 797, are employed 
atMessis Esdailes sawmills The three or four pieces of steel 
then constituting the hoop, are nvetted to the outside of a strong 
rmg, and very caiefully hammered, so that the plates exactly 
constitute one continuous cylinder, although the ends of the 
plates are not united, but simply make butt joints The rmg 
is fixed to the surface chuck of a kind of lathe mandrel by 
means of hook bolts h , and the work is grasped in a slide rest, 
which traverses within the saw, and parallel with its axis 

The saws of about 2 feet diametei are used for cutting the 
round hacks of brushes 6, and the larger saws are employed for 
felloes of wheels d , and similar curved woiks If the wood is 
applied obliquely, the piece also becomes oblique, m the manner 
explained by the diagram c which lepresents the sloping and 
hollowed back of a chair thus pioduced It is, however, much 
more usual to saw curvilinear works of the kinds referred to, 
with the felloe or pit turning saw (see page 707) the chair 
mukei s and wheelwright s saw (p 725), and the turning sweep 
oi bow saw (p 728), the applications of which have been already 
noticed at the pages xefciied to See Note B, 0, p 1022 

Mr Tiotter proposed for curvilinear sawing, the employment 
of a saw plate s fig 798, which instead of being a flat plate, as 
usual, was dished as the segment of a large sphere The fence^/, 
which was made as the arc of a circle had a conductoi c, to 
receive the work w the circular fence was attached to a three 
bai parallel rule, so as always to keep the curvatures of the fence, 
conductor and saw, which were equal, tiuly parallel with each 
other The construction of the spherical saw blade is difficult and 
its advantage questionable, especially as the edges of the pieces 
when left fiom the saw, would he cuivihneai m width as well as 
length oi part of a spherical surface, of the same radius as the 
saw Tins form is seldom required m the ai ts, and its conversion 
into the simple aich like form with sq uaie edges (pioposed to he 

* Koess Cyclop%dii ait Machinery foi Manufacturing Ships Blocks — 
Lncyc Metropolitans yoI Mechanics ait 370 



804 SAWING THE CURVILINEAR STAVES OE CASKS 

approached by inclining the work), would fully cancel the intended 
economy of the spherical saw, which is however cuuous, as one 
of the links m the chain of contrivances under consideration * 
Much ingenuity has been displayed m cutting the cuxvilmcax 
and bevilled edges of the staves of casks by circular saws Ihc 
late Sir John (then Mi) Eobison, proposed many years back that 
the stave should be bent to its true curve against a curved bed, 
shown m two views m fig 799, and that whilst thus restrained 
its edges should be cut by tvo saws s s, placed as radii to the 
circle, the true direction of the joint, as shown by the dotted circle 
representing the head of the cask The principle is perfect, but 
the method has been found too troublesome for practice 


Figs 798 799 800 



Mr Smart cut the edges of thin staves for small casks on the 
ordinary saw bench , by fixing the thin wood by two staples ox 
hooks to a curved block, fig 800, the lower face of which was 
bevilled to give the proper chamfer to the edges One edge having 
been cut the stave was released, changed end for end, and refixed 
against two pins which determined the position for cutting the 
second edge and made the staves of one common width The 
curved and bevilled block, was guided by two pins p p, which 
entered a straight groove m the bench paiallcl with the saw 
This mode of bending was from various reasons found map 
plicable to large staves, and these were cut, as shown m thxec 
views m fig 801 whilst attached to a straight bed, the bottom of 
which was also bevilled to tilt the stave foi chamfering the edge 
To give the curve suitable to the edge, the two pins on the 
under side of the block then ran in two curved grooves g (/, m the 

* Trans Soc of Arts, 1805 Vol xxxv p 114 
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saw bench, which caused the staves to sweep past the saw m the 
arc of a very large circle, instead of in a right lme, so that the 
ends were cut nailower than the middle Mr Smart observes, 
that in staves cut whilst straight the edges become chamfered at 
the same angle throughout, which although theoretically wrong, 
is sufficiently neai for practice, the error is avoided when the 
staves are cut whilst bent to their true curvature * 

SECT VIII—CIRCULAR SAWS AND MACHINERY FOR CUTTING 

VENEERS 

Valuable and beautiful woods are seldom used m the solid 
state for decorative furniture, but aie cut into veneers or thin 
plates, to be glued upon fabrics made of less expensive woods, an 
ait successfully piactised by the Romans, as formerly adveited 
to (Vol 1 , page 64) Until of late years the cutting of veneers 
was generally accomplished, either at the saw pit with very thin 
plates strained m the ordinary pit saw fiame (see Vol 11 , page 
703), or by the cabinet maker with the smaller frame saw, 
(page 7 26) In this latter mode which is still much practised on 
the continent the wood is fixed peipendicularly, and the saw is 
also guided by two men Fxpeit pit sawyers could cut six 
veneers out of each inch of wood, and cabinet makers seven or 
eight from smaller pieces, but the difficulty of these methods 
rapidly increases with the size of the veneeis 

Small veneers for the backs of brushes and other works, have 
been split or planed from small pieces squared to the respective 
sizes Pine, willow, and other woods, are planed into thick con 


* See the original paper Trane Soc of Arts Vol xlvn, pp 121 7 In the 
year 1833 Mr Samuel Hamilton took out a patent for certain machmeiy for 
sawing boring and manufacturing wood for various purposes such as bevilled 
timber for ship building tenon cheeks, felloes of wheels the circular rails of 
chair backs, chair legs and other works of the same description either square on 
the face or bevilled to any required angle or m any required radius oi diameter 
of a circle 

The specification is very complex but it may be said briefly that the felloes are 
cut by a vertical reciprocating saw worked by a crank and the edge of the work 
is guided either by a fixed circular fence or by radius bais for bevilled woiks 
the table of a similar machine is tilted to any angle For other classes of work 
the saw frame is jointed and may be brought down by a swing frame m the arc of 
a circle to penetrate to any assigned depth The work is grasped by numerous 
arrangements of parts that hold any successive number of pieces exactly m the 
same position—See Newtons London Journal and Jlepci 1m y &c Vol vu pi 
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tmuous shavings called scale boards, for making hat and bonnet 
boxes (Vol 11 , p 504) And of late years oak, when softened by 
steaming has been split into staves for casks (foot note, Vol i, 
page 32) All these processes are accomplished without wasto of 
the matenals, but they are only applicable to pieces of limited 
dimensions 

In 1806, Mr Brunei took out a patent foi splitting veneers, 
of considerable size, by means of a horizontal knife, the length 
of which exceeded the length of the block to be conveited 
The knife was composed of seveial pieces of steel, placed exactly 
m aline on then lower surfaces, but with edges faintly rounded 
and very keen The compound knife received a shoit recipio 
eating or sawing action and the block of mahogany or other wood 
was carried slowly sideways and beneath the knife by a stiong 
screw slide woiked with a spoke wheel like that by which a 
ship is steered After one veneei had been cut off, and the 
log brought back again to its first position, it was raised m exact 
parallelism, by a system of two right and two left handed sciewb 
at the four angles of the frame, which were simultaneously moved 
with one winch handle, by aid of appropriate mechanism * 

This machine foi cutting or splitting wood into veneers, the 
precursor of the segment veneer saw is said to have answered 
moderately well with stiaight grained and pbant woods, such as 
Honduras mahogany, but there were serious objections to its 
use for woods of uregular, harsh, and brittle gram, such as 
rosewood, as the veneer curled up considerably on lemoval, 
and the wood if harsh and brittle had a disposition to split and 
become pervious to the glue t This is to be regretted, as the 
splitting machine conveited the whole of the wood into veneei 
without waste, whereas the veneer saw, on the aveiage, cuts 
one third of the wood into saw dust 

As already explained, the ordinary cuculai saw will not, in 
general, serve for work exceeding m thickness about one thud 
the diameter of the saw, and the larger the saw, the thicker it 
is requned to be to give a proportionate degree of stability 
These two conditions, joined to the impracticability of obtaining 

* See the drawing and description in the Rep of Arts for 1810 Vol xvi, p 257 

f The Russian machine for cutting the entire tree into one spiral veneer (nee 
Vol i p 154) seems open to the same objection in legaid to buttle woods neither 
does it expose the most ornamental section of the tree 
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plates of steel exceeding some 4 or *5 feet diametei limit the 
application of tne circular saw under ordinary circumstances 
Butwhenthis instiument is employed for veneers, advantage is 
taken of the pliancy of the thin leaf oi veneer, and the saw is con 
sequently made thick and strong towai ds the centei, to give it the 
required stability, but towards the edge it is thinned away almost 
to a feather edge, as at s s, m the diagiam, fig 802 Therefore 


--, 

9 

Fig 802 

$ 


to 



the solid block of wood or ivory w, which is unyielding, can pass 
along the parallel guide g, and across the flat face of the saw s s, 
whilst the thin pliant veneer v, separates so much as to form an 
opening that admits the wedge formed edge of the blade, and the 
veneer proceeds along the conical back of the saw without frac 
ture or interruption, circumstances that would be impracticable 
were both parts of the matenal when sawn, alike unyielding 

In the small application of this principle, as for sawing blocks 
of ivory into leaves foi mimatuies, and small square pieces of 
wood into veneeis for blushes and small works, the veneer saw 
is made as a single plate of steel, from 6 to 3C inches diameter 
In the large application of the principle, as for cutting logs of 
square or round wood into veneers, the saw is composed of many 
segments or plates, and commonly varies from about 5 to 18 
feet diameter But as the segment saws are occasionally made 
as small as 20 inches diameter, the two kinds constitute an 
unbroken series, and their principal applications will now be 
described, beginning with the smallest 

The single plate veneer saw (descnbed in section 2 of the 
table, on page 784) is thick and paiallel at the center for about 
one half its diameter, the edge is ground away, as a cone, 
almost to a feather edge , at other times the edge is thin, and 
nearly parallel for about an inch, and is then gradually coned, 
making the section somewhat concave The edge is required to 
run exceedingly true, and the teeth must be sharp and very 
faintly set 



808 SAWING IVORY VENEERS FOR MINIATURE LEAVrS 

Saws of six to ten inches are sometimes used m machines such 
as that shown on page 756 for very small pieces of ivory veneer 
and for slicing up wooden mosaic works but it is more usual to 
employ larger saws foi miniature leaves, say those from fifteen 
to twenty inches diameter, and consequently larger machines 
are also required which are driven either by a hand fly wheel 
or other motive power The principal variations between eneer 
saw benches, and those foi ordinary and thicker works is m the 
parallel guide, which for veneers is made fully as high as the 
width of the block to be sawn, by screwing a parallel piece of 
wood or metal against the vertical face of the paiallel rule, and 
cutting it off m a circular arc exactly to agree with the cuivature 
of the saw and without extending at all behind it In many 
cases the parallel guide is constructed with a set screw, that it 
may be adjusted for distance very minutely, after which it is fixed 
as usual When, therefore, the block of ivory or wood is placed 
against the paiallel rule and pressed towards the saw by hand, 
the thm leaf bends away as cut from the block, or yields 
sufficiently to pass behind the saw without impediment 

In bevilled or ^ eneer saws for lvoiy, the teeth should be finer, 
and the rate of motion slower than for wood say, three fourths 
the speed, as when a consideiable velocity is used the saw 
becomes heated and this, fiom the gelatinous nature of the 
material, causes the sawdust to adhere to it, the heat also 
tends to split the thm leaves of ivory These sources of mis 
chief are avoided by giving to the saw blade a subdued rate of 
motion, and keeping it moderately anointed with tallow or lard 

Some idea of the delicacy of veneer savs for ivory, will be 
given by the inspection of the annexed scale which shows the 
average numbeis of veneers 01 leaves cut fiom each solid inch 
of ivory — 

When the width of the ivory is 1234567 inches 

Each inch of ivory is cut into 30 27 24 22 20 18 16 leaves 

The leaves from 1 to 2 inches wide and 2 to 3 inches long, 
are used for memoiandum hooks, the larger sizes for miniature 
leaves, the lengths of which aie about one third moie than their 
widtns When scraped and prepared leady for the artist, the 
30, 27 , or 16 leaves lespectively measuie about half an inch in 
total thickness, showing the waste m sawing and scraping to be 
equal to about one half the original material The leaves might 



LARGE SEGMENT SAW, OR VENEER SAW MIL L 809 

be cut still thinner, but this would be objectionable as regards 
then intended purposes 

The bevilled or veneer saws, when used for wood have 
greater diameter, coaiser teeth are used without grease, and 
at a higher velocity than for ivory, but the single plate veneei 
saws aie not frequently made of the full size named m the table 
nor are they used foi wood exceeding about six inches wide, or 
that has not been previously squared into small pieces * 

In the larger applications of the veneer saw it is built up of 
segments or separate plates of steel, screwed to the edge of a 
metal disk or chuck Some few of the smallest segment saws 
are even less than two feet diameter, and those not exceeding 
about four feet diameter are generally used in the ordinary 
saw benches with fixed horizontal platforms, the woik being 
then fed by hand as usual 

But when the segment veneer saw exceeds about four feet 
diameter, the horizontal platform or table is rejected, and the 
guidance of the wood is entirely effected by machinery, called 
the drag the airangement of this construction, which is known 
both as the veneer mill and the segment saw is shown m the 
perspective figure 804, page 812 The veneer almost always 
proceeds from the edge of the saw, through a curvilinear trough 
parallel with the back of the saw but m the figure the veneei 
is lepresented as if bent almost at light angles, so as to quit the 

* A. manufacturer experienced for thirty years m cutting miniature leaves 
generally employs single plate saws from sixteen to twenty inches diameter He 
also uses a segment saw measuring the larger diameter when new and composed 
of six segments attached to a gun metal chuck the edge of which is very thm 
and tk© center enlarged into a boss cut with a hollow screw for its attachment to 
the saw spindle which runs m a collar and centei exactly after the manner of a 
lathe mandrel. He prefers about eight to ten points per inch and an average 
velocity of about 600 to 700 revolutions per minute in topping the teeth he uses 
a steel turning tool and sets the teeth before sharpening them 

He adds that when the blocks of ivory are cut into lengths prior to bemg sawn 
into veneers loss occurs because the central and wider leaves requn e to be longer 
than tliose from the same block which are exterior and narrow Sometimes the 
entire tooth or a large portion of it, is cut into veneers with the large segment saws 
having the drag (to be described) this is better as regards the cutting of the leaves 
into squares but the apparent economy is again lost as these saws being intended 
for wood have coarser teeth and will not leave such smooth surfaces as the saws 
exclusively used for ivory neither will they produce more than about fourteen oi 
fifteen veneers from each inch of ivory 

3 G 
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saw in front, this contraction is fai toss common, but 
selected for the present illustration, as it affords a m 
spicuous view of the entire process 

In the veneer saws furnished with the drag, ie axe 
massive "brass hearings, which are fixed on bnc or s one P ie > 
the edges of the larger saws dip below the groun m o a p 

lined with bnckwoik or masonry ,, 

The axis of the saw is connected or disconnected with the 

steam engine at pleasure, by means of a fast and loose pu ey , 
and m bringing the saw to a state of rest, the bra ce w ee a 
the end of the axis is strongly grasped by a friction hoop, as m 
some cranes Between the driving pulleys and the cone tor-the 
saw is placed a bevilled pulley for a catgut band or rope that 
is used m feeding the cut as will be hereafter explained I he 
saw, which is the all important part of the machine, is made o 
great strength and consists of three parts, shown m the section 
of the edge fig 803, of which the shaded part c to c is of cast 
iron, the white part s to s of soft steel, and the black li to h of 
hardened steel 


Fig 803 



The saw is composed, first, of a cast iron wheel or chuck, with 
from six to eighteen arms, which are taper, so as to constitute a 
cone, the thickness of which at the center is about one twelfth 
the diameter The nm of the wheel c c,is flat and turned smooth 
on the face to receive a series of 6 to 18 segments of soft steel , 
about one quarter of an inch thick marked s s 3 which are fixed 
to the cast iron by strong rivets, the segments project from 5 to 
8 inches beyond the cast iron, and are chamfered at the edge 
To the soft steel segments s s, are affixed a second series h h, 
consisting of about twice the number , these are hardened and 
serrated so as to constitute the cutting edge of the saw 

The tempered plates are technically called the hard , and are 
attached to the soft segments by numerous countersunk coppei 
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screws, tapped into s s When new, the liaid segments project 
from i to 6 inches beyond the soft so that the angle then 
formed by the three parts h to c considered collectively, is 
only about 4 to 6 degrees with the flat face of the saw, and the 
veneer will readily yield to more than that extent from the log 
without splitting To prevent the risk of accident from the 
exposed spokes of the wheel or chuck, and also the current 
of wind caused by their rapid rotation the spaces intervening 
between them are filled up on the face with wood, and an entire 
cone of thin boards is attached to the back of the chuck 

The log to be sawn sometimes requires to be previously adzed 
all over, to remove the sand and dirt that would soon blunt the 
saw, it is then partially levelled with the adze or plane, to adapt 
it to the vertical face of the drag The drag has three long bars 
of toood , m order that the revolving saw may cut or prepare for 
itself the surface against which the log is fixed The sharp 
ends of the iron dogs are driven a little way into the log, and 
the dogs are then drawn down by screw-bolts as represented 
Sometimes the log is only temporarily held by the iron fasten 
mgs or dogs, whilst its surface is paitially levelled with the saw, 
after which it is glued on a wooden fiame, that is full of trans 
verse and oblique bars, and has been also levelled with the saw, 
the log and fiame are afterwards bolted to the drag In this case 
the entne body of the wood can be cut into veneer without inter 
lupturn fiom the fastenings, and the glue joint is safe so long as 
the log does not project more than the width of the glued surface 
Ihe timber requues two motions to be impressed upon it, the 
one motion, longitudinal to cany it across the face of the saw 
the other motion, lateral, to advance it sideways between each 
cut, the exact thickness of the intended veneer 

For the first oi cutting motion, a long railway extends across 
the face of the saw, and supports the drag, which is carried past 
the saw by means of a rack and pinion, actuated by a cord pro 
ceedmg from one of the grooves of the cone pulley on the man 
drel, down to the pinion axis, which is beneath the surface of the 
ground, and not represented^ On the pinion axis there is a 
double tram of toothed wheels, and a clutch box, by the three 
positions of which latter the drag is left at rest, or it is carried 
slowly past the saw m the act of cutting, oi quickly backpiepa 
rat oi y to the succeeding cut The geaung lever, by which the 

3 g 2 
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three positions of the clutch box are given, is perpendicular, and 
passes downwards thiough a trap door, situ ited close e m 
little stool on which the attendant is seated 



The second motion of the log, or its lateral adjustment, is thus 
effected The slide that runs on the railway has a horizontal 
plate, which carnes three or more triangular standards, like but 
tresses, to the perpendicular faces of which are fixed the three 
wooden bars against which the wood is clamped 

The horizontal plate that caines the tuangles, is united at 
each end to the lower piece of the drag by a chamfer slide with 
an adjusting sciewand nut, one of each alone being sc^n The 
adjusting screws have worm wheels at the one end, and aie simul 
taneously moved by means of a winch handle w at tin extic imty 
of a long rod, having two worms taking into the two woim 
wheels fixed on the adjusting screws From 50 to 60 turns of the 
handle are required to advance the log of wood one inch , the 
attendant can therefore determine with gieat facility, the numbu 
of veneers cut out of each inch of wood or he can cut the 
veneeis to any particular pattern for thickness 

There is no impediment to the passage of the log across the 
rectilinear face of the saw, but for the guidance of the veneer 
around the back of the cone, some particular arrangements aie 
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lequired To enable the veneei to avoid the edge of the soft 
steel segments, to which the seriated blades are fixed, a feather 
edged guide plate usually of brass and extending around about 
one sixth or eighth of the cncle, is fixed almost in contact with the 
blade by screw bolts and nuts which, as seen in fig 804 unite 
it to the stationary framing of the machine the guide is repre¬ 
sented black in the sectional view fig 803 As the veneer is 
sawn off, the attendant leads the veneei on to the guide by 
means of a spud, or a thin blunt chisel, the veneer then slides 
over the guide, as shown, and proceeds through a curvilinear 
wooden trough, usually extending round the back of the cone, 
and the veneer is pulled out on the othei side by an assistant, 
and stacked on the heap Sometimes the veneer is bent neaily 
at right angles, and quits the sawin fiont as m the figure this 
arrangement is less usual, but was selected for the illustration, 
as it offers a more comprehensive view of the several parts 
Befoie mnning back the drag, preparatory to a new cut, the 
handle w, is unwound two or three turns to remove thelogbeyond 
the reach of the saw, and prevent its being scratched by the saw 
teeth, these turns are afterwards moved m addition to those 
required for the new thickness the handle is managed by a boy, 
who stands outside the railway 

Whilst the saw is in the act of cutting the principal attendant 
applies a soft deal freeing stick on the right and left of the 
blade beneath the timbei, in older to clear the sawdust out of the 
teeth The speed at which the table is fed is easily adjusted, by 
the selection of an appropriate gioove of the cone pulley on the 
m ain shaft, which communicates with the driving pinion beneath 
the floor, and this adjustment of the feed is jointly dependent on 
the condition of the saw as to sharpness, and the general quahty, 
hardness, and size of the wood 

The veneer saw may be used for logs of wood measurmg as 
much as 24 feet m length and 5 \ feet m breadth, but which sizes 
are rarely or never met with mthe same log It may be added, 
that the number of veneers cut out of each solid inch of wood, 
varies with the width and the intended purpose of the veneers, 
but that on the average— 

When the -width o£ the wood is 6 12 18 24 30 36 48 60 inches. 

Each inch of wood is cut into 15 14 13 12 11 10 9 8 veneers 

and, as about one third of the wood is wasted m sawdust, the 
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respective veneers are about two thuds the 15th, 14th, &c of 

an inch m thickness „ 

The veneer saw is also applied to cutting cedar wood toi 
making pencils bead stuff, or thin wood foi making the bea mgs 
m cabinet work quarter stuff , or wood \ inch thick, and occa 
sionally also to wood nearly \ inch thick, and this may be con 
sidered the point of meeting, between the veneer saw and t e 
upright frame saw, page 742, m which ten or a dozen saw bla es 
are occasionally used for deals But the veneei saw works with 
greater accuracy and is almost always used for such thin boards 
of mahogany as are not cut by hand at the saw pit 

For sawing thm boards, the segments should be nearly new 
or very wide m order that the angle made by the removed board 
may be slight But as the board m riding ovex the guide, (page 
810,) near the edge of the saw, is nevertheless somewhat strained 
open, it becomes needful to apply a contuvance called a guard, 
to prevent the thm board from being at all split off instead of 
being entirely separated by the saw This is accomplished 
by a curvilinear arm equal m size and form to the feather 
edged guide which hes against the haidened saw plates, but the 
guard is very much thicker and stronger, and is covered with a 
thm plate of brass 

It will be further perceived m the perspective figure, page 812, 
that the guard is attached to a column, and is represented turned 
back, or out of work, which is the case whilst veneers are being 
cut, but m sawmg bo irds, the guard is placed parallel with the 
edge of the saw just external to its teeth (as dotted ) and is ad 
justed by set screws to rest m haid contact with the face of the 
wood which is sliding past it the removed board is consequently 
held securely unto within half an inch of the saw teeth, oi 
the line of separation, as shown by the diagram, fig 803 

In sharpening the veneer saw, the woikman fust applies a 
lump of grindstone veiy cautiously upon a propel suppoit, 
against the edge of the teeth as the saw revolves so as to reduce 
the few points extending beyond the circle The saw having 
been stopped he then stands on a stage and rests his left arm, 
which is guarded by a wooden board, or leather shield, upon the 
teeth of the saw, whilst he manages the triangular saw file with 
both hands The saw teeth are afterwards set by a hammei 
and a small flat stake held m the left hand The necessity foi the 
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recurrence to sharpening and setting depends much on the hard 
ness of the wood, but it is commonly needed seveial times each 
day that the saw is m constant woik 

When the edge becomes too thick and wasteful it is ground 
by means of revolving laps of lead or iron fed with emery, one 
lap on the face, another on the hack of the saw, the laps are 
placed one below the othei, to prevent their faces touching, and 
are kept m rapid motion, whilst the saw traverses between them, 
as m cutting so that all parts of the circumference, of this most 
stupendous and accurate of saws, may be ground alike * 


Notwithstanding the very considerable length to which the 
chapter on saws has been extended, the subject maybe considered 
as very far from exhausted Thus the great majority of the 
applications of the saw hitherto noticed have been for manufac 
tures in wood,but toothed saws aie also employed for many other 
purposes, and different materials, some few of which will he 
glanced at by way of conclusion 

Bothreciprocatmg andcncular saws are occasionally employed 
m cutting off piles beneath the surface of water, when to diaw 
them (by the aid of the hydrostatic press ) would endanger the 
safety of the foundations Two methods of thus using rectilinear 
saws have been described, to which the reader is referred t 
The cm cular saw, when used for piles, is commonly placed at 
the bottom of a long vertical shaft, the top of which is driven by 
a winch, through the medium of a pair of mitre wheels The 
shaft is attached to a swing frame, like a gate, or to a traversing 
platform, connected with such of the piles as may with safety be 
ultimately drawn up, m every case the election of machinery 
for sawing piles is troublesome, and the process tedious 

In the American steam pile driving machine, intended prmci 
pally for constructing the foundations of railways, two piles are 
driven at the same time, in the lespective track After which, they 


* The author is greatly indebted to Messrs Esdaile and Margrave of the Ci y 
Saw Mills for the free access they permitted him to their establishment whi h 
contains eleven veneer saws from IT ft 6 in to 5 feet diameter and also nearly 
every kind of machine saw and shaping engine for wood that is 

Many of the practical details on sawing ivory veneers were derived from the 

experience of Mr Donald Stewart , ^ » -l 

f See Encycl Metro Part Mechanics aiticle 536 also, Civil Eng 

Journal, 1813, vol vi, page 439 
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are sawn off by a circular saw four feet m diameter the spindle of 
which is mounted on the end of a strong honzontal frame moving 
on a joint, so as to cut first the one pile and then the otnei 
Notwithstanding the irregularities of the ground, the piles may 
be cut eithei to a dead level or to any particular inclination * 

Circular saws are used m cutting sheets of slate into rectangular 
pieces, many of which are afterwaids planed by machinery (vol 1 
page 165) Slate is also grooved with thick circular saws for 
making a particular land of roofing, the joints for cisterns, and 
other works, and more frequently two thinner saws are used 
and the intermediate substance is chiselled or tooled out Recti 
linear toothed saws, driven both by hand and machinerj are 
likewise used for blocks of slate and soft building stone 

A saw machine is used at the Butterley lion Works Derby 
shire, m cutting off the ends of railway bais whilst led hot, m 
fact, the moment they leave the rollers The two saws are exactly 
like those for wood, of three feet diameter, with flanges of two 
feet, they travel at upwards of 1000 revolutions per minute, 
and their lower edges dip into water The bar is brought up 
to the saws by machinery, and both ends are cut off simul 
taneously, m twelve to fifteen seconds, to the precise length 
required t 

If the customary applications of the saw machine to works m 
metal had been touched upon m this chapter they would almost 
inevitably have trenched upon the fifth volume as it would have 
been difficult, to avoid proceeding from the circular saw, used 
simply for dividing works to circular cutters with plain edges, 
used m cutting giooves and to cutters with curvilinear or figured 
edges used for the teeth of wheels, and various other analogous 
woiks, subjects that are for the piesent held m reserve 

By analogy it might also have been shown, that in some of 
the various apparatus employed m ornamental turning, revolving 
cutters of all kinds with plain or figuied edges, are likewise 
used But m reference to these, it will be explained m the 
fourth volume that the many teeth of the cncular saw, or figured 
cutter, dwindle down to a single radial tooth, and that the 
solitary cutting edge makes up for its apparent deficiency, by 
the extreme rapidity with which it is m geneial dnven 


* Civil Eng and Arch Journal vol v page 1 
t Trans Inst Civil Engineers vol m, p 197 
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CHAPTER XXVIII 

FILES 

SECT I-GENERAL AND DESCRIPTIVE VIEW OF FILES OF 

USUAL KINDS 

The file is a strip or bar of steel, the surface of which is cut 
into fine points or teeth, that act by a species of cutting, closely 
allied to abrasion When the file is rubbed over the material to 
be opeiated upon, it cuts or abrades little shavings or shreds, 
which from their minuteness are called file dust , and mso doing, 
the file produces minute and irregular furrows of nearly equal 
depth, leaving the surface that has been filed more or less smooth 
according to the size of the teeth of the file and more or less 
accurately shaped, according to the degiee of skill used m the 
manipulation of the instrument In treating this subject, it is 
proposed to divide the mattei into the following sections — 

I General and descriptive view of files of usual kinds 

II Geneial and descnptive view of files of less usual kinds 
III Preliminary lemarks on using files, and on holding works 
that are to be filed 

IV Instructions for filing a flat surface undei the guidance 
of the straight edge, and of the trial plate, or planometer 
V Instructionsfoiougmatmg straight edges andtnal plates, 
or planometers 

VI Instruction^ foi filing rectilinear works m which several 
or all the superficies have to be wrought 
VII Instructions for filing curvilinear works, according to the 
three ordinary modes 

VIII Comparative sketch of the apphcations of the file, and of 
the engineer s planing machine, &c 

The files employed m the mechanical aits are almost endless 
in variety and which is to be accounted for by there being some 
four, five, or sin features m every file that admit of choice, m 
oidei to adapt the instrument to the several kinds of work for 
winch the file is used and most of the names of files expiess 
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these different features, for instance the three following files aie 


m common use — 

6 inch. blunt 

single cut 

Sheffield 

saw file 

9 inch 

taper 

smooth 

Lancashire 

half round file 

12 inch 

parallel, 

rough 

Sheffield, safe edge 

cotter file 


From the perusal of these compounded names it will he seen 
that six sources of variation have been noticed and upon which 
several characters a few observations will be offered 

1 Length —The length of files is always measured exclusively 
of the tang or spike bv which the file is fixed m its handle, and 
the length and general magnitude of the file require to be pro 
portioned to the work to be performed When the works aie 
both large and coarse, the file should be long and strong, that 
the operator may be able to exert his entire muscular force m 
using the instrument, when the woiks are minute and delicate 
the file should be proportionally short and slender, so that the 
individual may the more delicately feel the position of the file 
upon the work , as the vigorous employment of force, and the 
careful appreciation of position or contact, are at opposite ex 
tremes of the scale Thus, it may be said, the watchmaker 
frequently uses files not exceeding three quarters of an inch m 
length, and seldom those above 4 or 5 inches long artisans in 
works of medium size, such as mathematical instrument makers 
and gunmakers, employ files from about 4 to 14 inches long, and 
machinists and engineers commonly require files from about 8 
to 20 inches long, and sometimes use those of 2, 3, feet and 
upwards m length 

The lengths of files do not bear any fixed proportion to their 
widths, but, speaking geneially, it may be said the lengths of 
square, round, and triangular files, are from 20 to 30 times then 
widths, measured at the widest parts and the lengths of broad 
files, such as flat files, half round files, and many others, are 
from 10 to 12 times their greatest widths 
% 2 Taper, blunt , andparallelfiles —Almost all files arerequired 
to be as straight as possible in their central line and are distm 
guished as taper, blunt, and parallel files a very insignificant 
number of files are made curvilinear m their central line, as m 
the rifflers used by sculptors and carvers, and some other files 

The great majority of files are made considerably taper m 
their length, and to terminate nearly m a point, such ire called 
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taper files, others are made nearly parallel, and known as “ blunt 
pointed, or simply as Hunt files , but m each of these lands the 
section of the file is the largest towards the middle so that all 
the sides are somewhat arched or convex, and not absolutely 
straight A very few files are made as nearly parallel as pos 
sible, and have, consequently, nearly straight sides, and an equal 
section throughout, such are designated as parallel files, and by 
some, as dead parallel files , just as we say u dead level 1 for a 
strictly level surface but it is very far more general for the so 
called parallel files to be slightly fuller m the middle 

3 Lancashire and Sheffield files —In England the principal 
seats of the manufacture of files, are Sheffield and Warrington, 
those made at the latter place being more generally designated 
as Lancashire files The Sheffield files are manufactured in very 
much the larger quantity, andforneaily every description of work, 
both large and small The Lancashire files are less used for large 
thanfor small works, including watch and clock work,some parts 
of mathematical instruments and the finer parts of machinery 
Formeily all the Lancashire files bore a great pre eminence 
over the Sheffield, m respect to the quality of the steel from 
which the files were made their greater delicacy of form, the 
perfection and fineness of their teeth, and the success with which 
they were haidened, these circumstances rendered the Lanca 
shire files moie expensive, but also much more serviceable than 
the Sheffield Of later yeais, this superiority is generally con 
sidered more particularly to apply to the smaller Lancashire 
files, not exceeding about 8 or 10 inches m length, as from the 
steady improvement amongst the best of the Sheffield file manu 
facturers, m respect both to the quality of the steel, and the 
workmanship, it now results, that the larger files made both m 
Lancashire and Sheffield, assimilate much moie nearly mthen 
respective qualities than formerly 

4 The teeth of files —Many files that are m all other respects 
alike, differ m the forms and sizes of then teeth Three forms 
of teeth are made, those of double cut files, those of floats, or 
single cut files, and those of rasps The floats and rasps are 
scarcely used but for the woods and soft matenals, the double 
cut files aie used for the metals and general purposes, and 
when the file is spoken of, a double cut file is always implied, 
unless a single cut file, or a r isp, is specifically mined 
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In a double cut file, the thousands of points or teeth occur 
from two series of straight chisel cuts crossing each other m a 
single cut file or float the ridges occur from the one series of 
chisel cuts which are generally square across the float and m a 
rasp the detached teeth are made by solitary indentations of a 
pointed chisel 01 punch, a subject that will be further noticed 
when the cutting of files is adverted to 

Double cut files are made of several gradations of coarseness, 
and which are thus respectively named by the Lancashne and 
Sheffield makers — 


LANCASHIRE FILES 

1 

2 * 

3 

4 * 

5 

6 


Bough 

Middle cut 

Bastard 

Secona-cut 

Smooth 

Superfine 


SHEFFIELD FILES 

1 Bough 

2 Bastard 

3 Second cut 

4 Smooth 

5 * Dead smooth 


The sizes marked with asterisks are not commonly made and 
this reduces each scale of vanety of cut to four kinds, of which 
the Lancashire are somewhat the finer The above names affoi d, 
however, but an indifferent judgment of the actual degrees of 


coaiseness which, for all the denominations of coarseness, differ 
with every change of length but the numbers m the annexed 
table may be considered as pretty near the truth — 


Approximate Numbers of Cuts in the Inch of Lancashire Files * 


Lengths in Inches 

4 

6 

8 

12 

16 

20 

Rough, cut 

56 

52 

44 

40 

28 

21 

Bastard cut 

76 

64 

56 

48 

44 

34 

Smooth cut 

112 

88 

72 

66 

64 

56 

Superfine cut 

216 

144 

112 

88 

76 

64 


Of floats and rasps, but two denominations aie generally made, 
and which are simply distinguished as coarse and fine, the fine 
are also called cabinet floats and rasps and as with the files, the 


* The numbers m the Table were counted from the engiavmgs of the teeth of 
files m Mr Stubs pattern book These engravings weie laid do wu with great caie 
from Hie files themselves and it is somewhat curious the numbers should so nearly 
fall m regular senes The second courses of teeth were in each case counted and 
which are somewhat finer than the first course as explained on page 829 

One of the smallest and finest Lancashire files was found by the author to con 
tain from 290 to 300 outs in the inch, which is confirmatory of the above numbers 
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two nominal sizes of the teeth, of floats and rasps, differ foi every 
Variety of length m the instruments 

5 Safe edges —Some files have one or more edges that are left 
uncut, and these aie known as safe edges , because such edges are 
not liable to act upon those parts of the woik against which they 
are allowed to rub for the purpose of guiding the instrument 
The safe edge file is puncipally requned m making a set off, or 
shoulder, at an} precise spot m the woik and m filing outrect 
angular coiners, as whilst the one side of the notch is being 
filed, the othei side can be used to direct the file Occasionally 
the edges alone of files aie cut, and the sides are left safe or 
smooth, as m some warding files, which nearly resemble saws 

6 The names of files — JLhese are often derived from their pur 
poses as m saw files, slitting, warding, and cotter files the names 
of others from their sections as squaie, round and half round files 


Figs 805 Sections derived from the Square 
B CD L F Gr 




R 


Figs 806 Sections derived from the Chicle 

K L M N 0 P Q 

o o ^ 

Figs 807 Sections derived from the Triangle 

T V W X Y Z 



> 
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Files of all the sections represented m the groups figs 805, 
806, and 807 are more or less employed, although many of them 
are ’almost restricted to particular purposes and more especially 
to the art of watchmaking for which art indeed very many of 
the files have been oiigmated The sections may be consideie 
to he derived from the square, the circle, and the equilateral 
tiungle, as will be detected by the eye without description 
To avoid wearying the reader by attempting to describe all 
the various files that are made, the eight or nine hinds which are 
of most extensive application, will be briefly adveited to and 
these will he placed m the supposed ordei of their usefulness 
as derived paitly from the author s obseivation and partly irom 



823 


FILES COMMONLY USED 


the lelative quantities considered to be manufactured of each 
kind m two large establishments After this, a few remarks will 
be given on some of the files to which the sections 805 to 807 
lefer, and this, oi the fiist division of the chapter, will be con 
eluded by a short account of the mode of forming the teeth of 
files, and some other particulars of their construction 


It may be considered that m nearly eveiy branch of art m 
which the file is used, that the following constitute the basis of 
the supplj, namely, taper files, hand files cotter and pillar files 
half round, tnangulu, cross, and round files, square, equalling 
knife and slitting files, and rubbers, a short explanation will be 
given of all of these varieties, in the course of which, refeience 
will be occasionally made to the sections A to Z just given 
Tape 1 ) files or taper flat files, are made of various lengths from 
about 4 to 24 inches and are rectangular m section as in B 
fig 805 they are considerably rounded on tlieir edges, and a 
little also in their thickness, their greatest section being towaids 
the middle of their length or a little nearer to the handle, whence 
these files are technically known to be “ bellied, they are cut 
both on their faces and edges with teeth of four varieties, namely 
rough, bastard, second cut, and smooth cut teeth Taper flat 
files are m extremely general use amongst smiths and mechanics, 
for a great variety of ordinary works 

Hand files ox flat files resemble the above m length, section, and 
teeth, but the hand files are nearly parallel m width, and some 
what less tapei m thickness than the foregoing Some few of 
them are called parallel hand files fiom having a nearer equality 
of thickness, and parallelism of sides Engineeis, machinists, 
mathematical instrument makers and others give the preference 
to the hand file for flat surfaces and most other works, except m 
filing narrow apeituies and notches, as then the small end of the 
taper file, first described, may be employed in the commence 
ment gradually the central and wider part, and then the entire 
ength of the instrument, as the space or notch to be filed becomes 
wider, the taper form thus enables a larger and stronger file to 
be used in the commencement, but foi other and accurate pur 
poses the hand file is esteemed prefeiable to the taper 

6 ottes files are always nanower than hand files of the same 
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length and thickness, they are nearly flat on the sides and cdgos, 
so as to present almost the same section at every pait of then 
length, m v Inch respect they van from 6 to 22 inches otter 
files are mostly used in filing grooves, tor the cotters, keys or 
wedges, used m fixing wheels on their shafts, whenco their name 

The tapei cottei files, or as theyaie also called entering files, aic 
entirely different from the above, as they are taper both m width 
and thickness, and almost without any swell, or pyiamidal, in 
which respect alone they differ from ordinary taper files that are 
usually much swelled or bellied 

Pillar files , also somewhat resemble the hand files, but they 
are much narrower, somewhat thinner, as m 0, and are used fox 
more slender purposes, or for completing works that have been 
commenced with the hand files Pillar files have commonly one 
safe edge, and vary from 3 to 10 inches m length 

Half round files, are nearly of the section L, notwithstanding 
that the name implies the semicircular section , m general the 
curvature only equals the fourth to the twelfth part of the ciicle, 
the first being called full half round, the last flat half round files 
The half round files vary from about 2 to 18 inches m length, 
and are almost always taper The convex side is essential for a 
variety of hollowed works, the flat side is used for general 
purposes 

Triangulai files , commonly misnamed “ thi ee square files,aic 
of the section R, and fiom 2 to 16 inches long they are used fox 
internal angles more acute than the rectangle, and also fox clear 
mg out square corners One of the greatest uses of triangular 
files from 3 to 6 inches long, is the sharpening of saws, the 
greater number of which have teeth of the angle of 60 degrees, 
an angle doubtless selected, because it appertains to all the angles 
of the equilateral triangular file, the three edges of which are 
therefore alike serviceable m sharpening saws In the southern 
paits of England, saw files with single cut teeth, are m more 
general use, from the idea that they “ cut sweeter 5 m the midland 
andnorthern counties, the double cut files of the same dimensions 
are moie in vogue, being esteemed more durable Small saws 
for metal, which are harder than those for wood, are always 
sharpened with double cut files, the Lancashire being preferred 
Cross files , or crossing files, sometimes called double half 
rounds, are of the section M, or eueular on both faces, but of 
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two diffeient curvatuies, they aie used for concave 01 hollowe 
forms the same as the convex side of the half round, but cross 
mg files are on the whole shorter and less common than hall 
round files and are probably named fiom the files being used 
m filing out the crosses of arms or small wheels as m clock 
work m which case the opposite sides present a two fold choice 
of curvature m the same instrument, which is convenient 
Those cross files which aie principally known as double hall 
rounds, are fuller or more convex on both faces than ordinary 
cross files and are employed by engineers 

Hound files, of the section I range fiom the length of 2 to 18 
inches they are m general taper, and much used foi eiilaigmg 
round holes The round file is bettei adapted than the so called 
half round file, to woiks the internal angles of which ire filled in 
or rounded as the round file is much sti ongei than the half round 
of the same curvature Small taper round files, are often called 
rat tail files and the small parallel round files, are also called 
joint files as they are used m filing the hollows m the joints of 
snuff boxes and similar objects for the reception of the pieces of 
joint wire (vol i page 429), that are soldered m the hollow 
edges of the work for the joint pm oi axis 

Square files, are used for small apertures, and those woiks to 
which the ordinary flat files are from their greater size less 
applicable Ibe square files measure m general from 2 to 18 
inches long and are mostly taper, they have occasionally the 
one side safe or uncut 

Equalling files, are files of the section D , m width they aie 
moie frequently paiallel than taper, in thickness they are always 
parallel They are in geneial cut on all faces, sometimes asm 
the waidmg files for locksmiths, the two bioad suxfices aie 
left uncut or safe and they range from 2 to 10 inches long 

Knife files, aie of the section T, and in geneial veiy acute on 
the edge, they are made fiom 2 to 7 inches long and aie as 
frequently parallel as tapei The knife files are used m cutting 
narrow notches, and in making the entry for saws and foi files 
with broader edges , knife files are also employed in bevillmg 
or chamfering the sides of narrow grooves 

Slitting files called also feather edged files, resemble the last in 
eonstiuction and purpose, except in having as in section V, two 
thm edges instead of one, they are almost always parallel 
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Rubbers , are stiong heavy files geneially made of an inferior 
land of steel they measure from 12 to 18 inches long from J to 
2 inches on every side and are made very convex oi fish 
bellied they are frequently designated by their weight alone, 
which varies fiom about 4 to 15lbs Rubbers aie nearly re 
stricted to the squaie and tnangulai sections A and R Some 
few rubbers are made neaily squaie m section, but with one side 
rounded, as if the sections K and B were united these aie called 
half thick Rubbers are scaicely ever used by machinists and 
engineers, but only for coaise manufacturing purposes wheie 
the object is lather to brighten the surface of the work than to 
give it any specific foim Rubbers were foimerly made only of 
bar or common steel, but are now also made of cast steel and m 
a more careful manner 

Many aitizans and more particularly the watchmakers, require 
othei filf s than those described, and it is therefore proposed to 
add the names of some of the files to which the sections refer 
premising that such names as are punted m Italics , designate 
small files especially used in watchmaking 

Names of some of the Files corresponding with the Sections 
A to Z (-represented on page 821) 

A—Square files, both parallel and tapei, some with one safe 
side also square lubbeis 

B —."When large, cotter files , when small verge and pivot files 
C—Hand files parallel and flat files, when small, pottance 
files when nanow, pillar files, to these nearly parallel 
files are to be added the taper flat files 
D —-Whenparallel equalling clock pimonmd endless seme; files, 
when taper, slitting, entering warding, and barrel hole 
files 

E —Fienchpwot and shouldering files which aie small, stout and 
have safe edges, when made of large size and right and 
left they are sometimes called parallel Y files fiomthen 
suitability to the hollow Y Y s of machinery 
F —Name and purpose similar to the last 
G —Flat file with hollow edges, principally used as a nail file 
for the dressing case 

H —Pointing mill saw file, round edge equalling file, and round 
edge joint file all aie made both parallel and tapei 

3 H 
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I —Round file gulletmg saw file, made both parallel and taper 
K —Frame saw file, foi gullet teeth 

L —Half round file Niching and piei cmg files also cabinet 
floats and rasps, all these aie usually tapei Files of this 
section which are small, paiallel, and have the convex 
side uncut, and have also a pivot at the end opposite the 
tang are called round off files , and are used for rounding 
01 pointing the teeth of wheels, cut originally with square 
notches The pivot enables the file to be readily twisted 
m the fingeis to allow it to sweep round the cuive of 
the tooth to be rounded 

—Cioss oi crossing files, also called double half rounds 
—Oval files oval gulletmg files foi large saws, called by the 
French limes a double dos Oval dial file when small 
O —Balance wheel oi swing wheel files, the convex side cut, the 
angular sides safe 

P —Swaged files, for finishing brass mouldings, sometimes the 
hollow and fillets are all cut 

Q —Sir John Robison s curvilinear file, to be hereafter described 
R—Triangular, three square, and saw files also tnangular 
rubbers which are cut on all sides Tnangular files 
aie also made in short pieces and vanously fixed to 
long handles, for woiks that are difficult of access, as 
the grooves of some slides and valves, and similar woiks 
g —Cant file, probably named from its suitability to filing the 
insides of spanneis, for hexagonal and octagonal nuts 
oi as these aie geneially called, six oi eight canted 
bolts and nuts the cant files are cut on all sides 
T—When parallel flat dovetail , banking and watch pinion files 
when taper knife edged files With the wide edge lound 
and safe, files of the section T, are known as moulding 
files, and clock pinion files 

V—Screw head files, feathei edge files, clock and watch slitting 
files 

W —Is sometimes used by engineers m finishing small giooves 
and key ways, and is called a valve file, from one of 
its applications 

X—A file compounded of the tnangulai and half round file and 
stronger than the 1 xtter similar files with three rounded 
faces have also been made foi engmeeis 
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Y—Double or checkering files, used by cutlers, gun makers 
md others The files aie made separately and nveted 
together, with the edge of the one befoie that of the 
other m older to give the equality of distance and 
paiallelism of checkered woiks just as m the double saws 
for cutting the teeth of lacks and combs see p 723 
!Z —Double file made of two flat files fixed together m a wood 
or metal stock tins was invented foi filing lead pencils 
to a fine conical point and was patented by Mr Coopei 
under the name of the Btyloxynon 


The manufactm e of files —The pieces of steel, or the blanks 
intended for files, are foiged out of bais of steel, that have been 
either tilted oi rolled as nearly as possible to the sections 
required, so as to leave but little to be done at the forge the 
blanks are afterwards annealed with great caution so that m 
neither of the piocesses the tempeiatuie known as the blood led 
heat may be exceeded The suifaces of the blanks aie now- 
rendered accurate m form and quite clean m suiface, either by 
filing or gundmg In Wairmgton, where the majority of the 
files manufictured are small, the blanks aie mostly filed into 
shape as the more exact method , in Sheffield where the gieatei 
number are lirge the blanks aie more commonly ground on 
laige grindstones as tne moie expeditious method but the best 
of the small files are heie also filed into shape and in some few 
cases the blanks aie planed m the planing machine, for those 
called dead pai allel files the object being m eveiy case to make 
the surface clean and smooth The blank before being cut is 
slightly gieased that the chisel may slip freely over it, as will 
be explained 

The file cutter, when at woik is always seated befoie a 
squaie stake or anvil and he places the blank straight before 
lnm, with the tang towards his person the ends of the blank 
are fixed down by two leather straps oi loops one of which is 
held fast by each foot—See Note B P p 1022 

I he Ingest and smallest chisels commonly used in cutting 
files aie represented m two views and half size m figs 808 md 
809 The first is a chisel for large lough Sheffield files the 
length is about 3 inches, the width 2{ inches, and the angle of 

3 ii 2 
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hammer -weighing only one to two ounce*, as it will be seen the 
weight of the blow mamly determines the distance between Urn 
teeth Other chisels are made of Intermediate proportions, but 
the width of the edge always exoesds thst of tbs Ole to be cut. 

The first cut is made at the point of the file, the chisel is held 
in the left hand, at an horizontal angle of about AS degrees, with 
the central line of the file, fih at a a fig H 10, and with a vertical 
inclination of about 12 to 4 degrees fiom the perpi iidteular ss 
represented in the figures 80R and HOW supposing the tang of 
the file to be on the left hand side * 1 ho blow of (In linimm-r 

upon the chisel, causes the latter to indent ami slightly to drive 
forward the steel, thereby throwing tip a trifling ridge or burr 
the chisel is immediately replaced on the blank and slid from 
the operator, until it encounters the ridge prr% lomd) thrown up 
which arrests the chisel or prevents it from slipping further 

* -MWMrioa, experienced tn the manufacture at Sheffield fllw, ono*4.t»r. U>. 
loHo-wiag to he nearly the ueunl angle* for the vartiml InoUMthm of the rhlilg 
namely, for Mngh nipt, 19 degree* beyond th* porpu m d tou Ur , rough Was, 1J 
degrees balstet file*, 10 degree*; ecooad-out tie*, 7 dagnm; meooth out SW. 
S degrees and dea&eaaoetlt eat fUe*, 4 dtgres* 
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back, and thereby determines the succeeding position of the 
chisel The heavier the blow, the gieater the ridge, and the 
greater the distance from the preceding cut, at which the chisel 
is arrested The chisel having been placed m its second posi 
tion is agun stiuck with the hammer, which is made to give 
the blows as nearly as possible of umfoim stiength, and the pio 
cess is xepeated with consideiable rapidity and regulanty, 60 to 
80 cuts being made m one minute, until the entile length of the 
file has been cut with inclined paiallel, and equi-distant ndges, 
which aie collectively denominated the first course So far as 
this one face is concerned, the file if intended to be single cut 
would be then ready for hardening, and when greatly enlarged 
its section would be somewhat as m fig 811 * 

Most files, howevei, are double cut, or ha^e two series or 
courses of chisel cuts, and for these the surface of the file is now 
smoothed by passing a smooth file once oi twice along the face 
of the teeth, to remove only so much of the loughness as would 
obstiuct the chisel from sliding along the face m receiving its 
successive positions and the file is again greased 

llie second course of teeth is now cut, the chisel being 
inclined vertically as before or at about 12 degiees,but horizon 
tally only a few degrees m the opposite dnection oi about 5 to 
10 degrees fiom the lectangle, as at b b, fig 810 the blows aie 
now given a little less strongly, so as barely to penetrate to the 
bottom of the fiist cuts and from the blows being lighter they 
thiow up smaller burrs, consequently the second course of cuts 
is somewhat finer than the first The two senes of courses, fill 
the surface of the file with teeth which are inclined towards the 
point of the file, and that when highly magnified much resemble 
m character the points of cutting tools generally, as seen m 
fig 811, for the burrs which are thiown up and constitute the 
tops of the teeth, are slightly inclined above the geneial outline 
of the file, minute parts of the oiigmal surface of which still 
lemam nearly m their fiist positions 

If the file is flat and to be cut on two faces, it is now turned 
over but to protect the teeth fiom the hard face of the anvil, a 
thm plate of pewter is interposed Iriangular and other files 


* The fceotli of some single cut files aie much less inclined than 55 de Q rees those 
of floats aie m geneial squate aao s the instillment 
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require blocks of lead having grooves of the appropriate sections 
to suppoit the blanks so that the surface to be cut may be 
placed horizontally Taper files lequire the teeth to be some 
a\hat finer towards the point, to avoid the risk of the blank being 
weakened or broken m the act of its being cut which might 
occur if as much force were used m cutting the teeth at the 
point of the file, as m those at its centril and stronger pait 
Eight courses of cuts are required to complete a double cut 
rectangular file that is cut on all faces, but eight ten, 01 even 
more courses are required, m cutting only the one rounded face 
of a half round file There are various objections to employing 
chisels with concave edges, and therefoie m cutting round and 
half round files, the ordinary straight chisel is used and applied 
as a tangent to the curve but as the narrow cuts are less 
difficult than the broad ones, half round and round files are 
generally cut by young apprentice boj s It will be found that 
m a smooth half round file one inch m width, that about twenty 
courses are required for the convex side, and two courses alone 
serve for the flat side In some of the double cut gullet tooth 
saw files, of the section K, as many as 23 courses aie sometimes 
used for the com ex face, and but 2 for the flat The same diffi 
culty occurs m a round file, and the surfaces of curvilinear files 
do not therefore present, under ordinary circumstances, the 
same uniformity as those of flat files, as the convex files are 
fiom necessity more or less polygonal 

Hollowed files are raiely used m the 
arts and when requned it usually becomes 
impeiative to employaround edgedchisel, 
and to cut the file with a single couise of 
teeth Sir John Bobison s curvilinear 
file will be heieafter noticed, m which the 
objections alluded to m both hollowed 
and lounded files are neaily or entirely 
removed 

The teeth of rasps are cut with a pecu 
liar kind of chisel, or as it is denominated a 
punch, which is represented also half size, 
and m two views in fig 812 The punch 
is about 3} inches long and f square at its 
videst pait Viewed in fiont, the two sides of the point meet at 
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an angle of about 60 degrees, viewed edgeways, or in profile, the 
edge forms an angle of about 50 degiees, the one face being 
only a little inclined to the body of the tool Different sized 
rasps necessarily require different sized punches, the ends of 
which would much resemble the ordinal y point tools for turning 
wood or ivory, but that they aie more obtuse and that the edge 
of the punch is rounded, that the tool may rather indent than cut 

In cutting rasps the punch is sloped lather more from the 
opeiator than the chisel in cutting files,but the distance between 
the teeth of the rasp cannot be determined as m the file bv 
placing the punch m contact with the buir of the tooth previously 
made B} dint of habit the workman moves or, technically, 
hops the punch the required distance, to facilitate this move 
ment he places a piece of woollen cloth under his left hand, 
which prevents his hand coming immediately m contact with, 
and adhering to the anvil 

The teeth of rasps are cut m rather an aibitiary manner, and 
to suit the whims rather than the necessities of the woikmen 
who use them Thus the lines of teeth in cabinet rasps wood 
lasps and farneis rasps, are cut in lines sloping from the left 
down to the right hand side , the teeth of lasps for boot and 
shoe last makers and some others, are sloped the reverse wa) , 
and rasps for gun stockeis and saddle tree makers are cut 111 
cncular lines or descent foim These directions aie quite 
immatenal, but it is important that eveiy succeeding tooth 
should cross its piedecessoi, or be mteimediate to the two befoie 
it as if the teeth followed one another m right lines, they would 
produce furrows m the work, and not comparatively smooth 
surfaces Considering the nature of the process, it is rather 
surprising that so much regularity should be attainable as may 
be observed in rasps of the first quality 

In cutting files and rasps, they almost always become more 
01 less bent and there would be danger of breaking them if they 
were set stiaight whilst cold they are consequently stiaightened 
whilst the} are at the led heat, immediately prior to then being 
haidened and tempered 

Previously to their being haidened the files are drawn through 
bcei giounds yeast, or other sticky matter and then tlnough 
common salt, mixed with cows hoof previously roasted and 
pounded, and which serve as 1 defence to piotect the delicate teeth 
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of the file from the dnect action of the file The compound 
likewise serves as an index of the temperature as on the fusion 
of the salt the hardening heat is attained, the defence also 
lessens the disposition of the files to crack or clink on being 
immersed m the water, see vol 1 page 253 

Hie file aftei having been smeaied ovei as above is giadually 
heated to a dull red and is then mostly stiaightened with a 
leaden hammer on two small blocks also of lead , the tempeia 
ture of the file is afterwards increased until the salt on its 
surface just fuses, when the file is immediately dipped m watei 
The file is immersed, quickly or slowly, veitically or obliquely 
accoidmg to its form that mode being adopted foi each vanety 
of file which is consideied best calculated to keep it straight 
It is well known that from the unsymmetncal section of the 
hilfiound file, it is disposed on being immersed, to become 
hollow 01 bowed on the convex side and this tendency is com 
pensated for by curving the file whilst soft m a nearly equal 
degiee m the leverse direction , by this compensatoiy method 
the hardening pi ocess leaves the half round files neaily stiaight 
It nevertheless commonly happens that with eveiy precaution 
the file becomes more or less bent m hardening, and if so it is 
straightened not by blows but by pressure, either before it is 
quite cold or else after it has been paitiallv reheated in any 
convenient mode as over a clear fire, on a heated iron bar, over 
a hooded gas flame, as m tempering watch spungs, oi m any 
other manner The pressure is variously applied, sometimes by 
passing the one end of the file under a hook, supporting the 
center on a prop of lead and bearing down the opposite end of 
the file at other times by using a support at each end and 
applying pressure m the middle, by means of a lever the end of 
which is hooked to the bench, as m a paring knife Laige files 
are always straightened before they aie quite cooled aftei the 
hardening, and whilst the central part retains a considerable 
degiee of heat When straightened, the file is cooled m oil, 
which saves the teeth from becoming rusty 

The tangs aie now softened to prevent their fracture, this is 
done either by grasping the tang m a pan of heated tongs, oi by 
means of a bath of lead contained m an non vessel with a per 
forated cover, thiough the holes m which, the tangs are immersed 
an the melted lead that is heated to the pioper degree, the tang 
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is afterwards cooled m oil, and when the file has been wiped, 
and the teeth brushed clean, it is considered fit foi use 

The superionty of the file will be found to depend on foui 
points —the pnmaiy excellence of the steel—the pioper foigmg 
and annealing without excess of heat—the coirect foimation of 
the teeth—and the success of the hardening These several 
pioccsses aie commonly fulfilled by distinct classes of work 
people, who are again subdivided according to the sizes of the 
files, the laigest of these being cut by poweiful miisculai men, 
the smallest by women and gnls, who theieby severally attain 
gieat excellence m their respective shaies of the woik 

Ihe manufacture of files, especially the cutting of the teeth 
has been entered into much more largely than was at first 
intended, but it is hoped this may not be without its use as 
notwithstanding the suitability of ordinary files to most purposes 
still occasions may and do occur m which the general mechanist 
01 amateur maj find some want unsupplied, which these hints 
maj enable him to provide for although less perfectly than if 
the file m question had been manufactured m the usual couise 
ihe piocess of cutting teeth, is also called for m toughing the 
jaws of vices and clamping appaiatus * 

Means of grasping the file —In general the end of the file is 
foiged simply into a taper tang oi spike, foi the puipose of 
fixing it m its wooden handle, but wide files requne that the 
tang should be reduced m width either as m fig 813 oi 814 
Ihe foimer mode, especially in laige files is apt to cripple the 
steel and dispose the tang to break off, after which the file is 
neaily useless, the cuivilmear tang, 814, is far less open to this 
objection, and was registered by Messis Johnson, Cammell, and 
Co , of Sheffield Some workmen make the tangs of laige files 
red hot, that they may burn their own recesses m the handles, 
but this is objectionable, as the charted wood is apt to crumble 


* There is perhaps an equal mixture of philosophy and prejudice m the harden 
mg of files some attach very great importance to the coating or defence others to 
the medication of the water and all to the mode of immersion best calculated for 
each different file m order to keep it as straight as possible questions of opinion 
which it is impossible to geneialize Mr Stubs piocess of manufacture is 
pretty much as above described and although he has experimented with mercury 
at 8 I as the cooling medium as well as vanous fluids he has airived at the 
conclusion that the salt principally acts as an antiseptic and that fresh spring 
water it 15 is is effective as my fluid 
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away and release the file it is more pioper to fonn the cavity 
m the handle with coaise floats made for the puipose 

In duvmg 1 uge files into then handles it is usual to place the 
point of the file in the hollow behind the chaps of the t ul vice, 



and to duve on the handle with a mallet or hammer Smallei 
files are fixed obliquely m the jaws of the vice, between clamps 
of sheet brass, to prevent the teeth either of the vice or file from 
being mjuied, and the handle is then driven on The file, if 
small is sometimes merely fixed m a cork, or m a small piece of 
hazel rod, but these are to be viewed as tempoiary expedients, 
and inferior to the usual wooden handles turned m the lathe 
Very small watch files are fixed m handles no larger than di awing 
pencils and some few of them are roughened on the tang after 
the manner of a float, and fixed m by sealing wax or shell lac 

Several of the small files have the handles foiged m the solid, 
that is the tang is made longer than usual and is either paiallel 
or spread out, to seive for the handle as in a razoi strop, many 
of the watch files are thus made In the double ended nfflers, 
or bent files, fig 815 used by sculptors and caiveis, and m 
some other files, there is a plain part m the middle, fulfilling 
the office of a handle, and m seveial of the files and rasps made 
for dentists, farriers, and shoemakers, the tool is also double, but 
without any intermediate plun part so that the one end serves 
as the handle for the othei 

In general the length of the file exceeds that of the object 
filed, but in filing large surfaces it becomes occasionally neces 
b iry to attach cranked handles to the large files or lubbers, as m 
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fig 816, m older to raise the hand above the plane of the work 
Sometimes the end of the file is simply inclined, as in. fig 817, 
oi bent at light angles as m 818 for the attachment of the 
wooden handles represented, but the last two modes prevent 
the second side of the file from being used until the tang is bent 
the leverse way The necessity fox bending the file is avoided, 
by employing as a handle, a piece of round iron ■§■ or f inch m 
diameter, bent into the semicircnlai form as an arch, the one 
extremity (or abutment) of which is filed with a taper groove to 
fit th$ tang of the file, whilst the opposite end is flat and lests 
upon the teeth , m this mannei, both sides of the file may be 
used without any preparation 

Fig 819 lepresents in profile a bioad and bhort rasp with fine 
teeth, used by iron founders m smoothing off loam moulds for 
iron castings, this is mostly used on laige surfaces, to which the 
oidinaiy handle w ould be inapplicable, and the same kind of tool 
when made with coarsei teeth will be lecogmsed as the baker s 
lasp For some slight purposes ordinal} files are used upon 
laige surfaces, without handles of any kind the edges of the file 
itself being then grasped with the fingers 

Cibmet makeis sometimes fix the file to a block of wood to 
serve for the grasp and use it as a plane Thus mounted, the 
file may also be very conveniently used on a shooting board, m 
filing the edges of plates to be ml ud 

Fig 820 represents a very good auangement of this kind by 
Mi W Lund, a a is the plan and b the section of the file stock, cc 
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Fig 820 
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is the plan of the shooting boaid and d its section Two files (that 
no represented black) aie screwed igamst the sides of a sti light 
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bai of wood, which has also a wooden sole or bottom plate that 
projects beyond the files, so that the smooth edge of the sole may 
touch the shooting boa^d instead of the file teeth 1 he shooting 
boaid is made m three pieces so as to form a gioove to lecuve 
the file dust winch would otherwise get undex the stock of the 
file the shooting board has also a wooden stop s faced with 
steel that is wedged and screwed into a gioove made across the 
top piece and the stop being exactly it light angles, serves also 
to assist m squaimg the edges of plates or the ends of long bars, 
with accmacy and expedition Mr Lund piefcis a flat file that 
is fully cui\ed on the face, as neaily half the file then conies 
into action at every strol e 

Shoit pieces of files (or tools as neail} allied to saws), aie 
occasionally fixed in the ends of wooden stocks, m all othei 
respects like the routing gages of carpenters as seen m two 
views in. fig 821 the coopers cioze, page 488, is a tool of tins 
description 

Files intended foi finishing the grooves m the edges of slides, 
are sometimes made of short pieces of steel of the pxoper section, 
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(see fig 822) cut on the surfaces with file teeth, and attached m 
various ways to slender lods or wires, serving as the handles, and 
extending beyond the ends of the slides Or the handle is at 
right angles to the file and foimed at the end, as a staple, to clip 
the ends of the short file, as m reaching the bottom of a cavity 
Files intended to xeach to the bottom of shallow cavities aic 
also constructed as m figs 823 and 824 or sometimes an inch or 
more of the end of an ordmaiy file is bent some 20 or 30 dcgiees, 
that the remainder may cleai the margin of the recess 

To stiffen slendei files, they are occasionally made with tm oi 
biass backs as m figs 825 and 826 , such aic called dove tail 
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files, evidently from their similitude to dove tail saws and thin 
equalling files, are sometimes grasped m a brass frame fig 827, 
exactly like that used for a metal frame saw, by which the risk of 
breaking the mstiument m the act of filing is almost annulled 

An equivocal analogy both to the file and saw, is to be 
observed m some of the delicate circular cutters, used m cutting 
watch wheels and other small works The teeth of such cutters 
are m many instances formed by cuts of a chisel the same as 
the teeth of files, and the axis of the cutter becomes, by com 
panson, the handle of the circular file 

SECT II-GENERAL AND DESCRIPTIVE VIEW Or TILES OF 

LESS USUAL KINDS 

Notwithstanding the great diversity m the files alluded to m 
the foregoing section, it is to be remarked that all those hitherto 
noticed are made entirely of steel, and their teeth are all pro 
duced m the oidinary mannei by means of the chisel and hand 
hammer m the present section, a few of the less usual lands 
of rasps, floats, and files will be noticed, the teeth of which aie 
for the most part, produced by means diffenng from those 
already described 

The liffleis, fig 815, used by sculptors, are lequned to be of 
numeious cuivatures, to adapt them to the varying contoui of 
woiks m marble In geneial the riffleis are made of steel m 
the ordinary mode, but they have also been made of wrought 
lion, and slightly case hardened, m which case the points of the 
teeth become converted into steel but the general bulk of the 
instrument lemains m its original state as soft iron conse 
quently such case hardened lifflers admit of being bent upon a 
block of lead with a leaden mallet, so that the aitist is enabled 
to modify their curvatures as circumstances may require 

Several kinds ot floats aie made with coarse, shallow, and 
sharp teeth, which are m section like fig 646, page 684 , these 
teeth could not be cut with the chisel and hammei m the ordinary 
manner, but aie made with a triangular file Tigs a to l , 828, 
lepiesent the sections of several of these floats, which have teeth 
at the parts indicated by the double lines foi instance, a is the 
float, b the giaille, c th e found, d the ccirlet, e the topyei , used 
by the horn and tortoiseshell comb makers , parts of the names 
of which floats are conupted from the Trench language, indeed 
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the ait was mainly denved fiom Fiench aitizans Ihe floats, 
f to are used by ivory carveis foi the handles of knives, and in 


Figs 828 
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the prepaiation of works the carving of winch is to be com 
pleted b} scoipeis and giaveis, k and Z aie used in inlaying 
tools m their handles k is made of vanous widths, and is 
generally thin long, and taper Z is moie like a key hole saw 
When the teeth of these floats have been formed with the 
tnanguln file, and made quite sharp the tools are first hardened 
and veiy slightly tempeied, just sufficiently to avoid ftaoturem 
use hut when after a period the tools have become dull, they 
aie tempered to a deep oiange, or a blue, so as to admit of being 
sharpened with a tuangulai file 

The laiger of the floats, such as those a to e , used by the 
comb makers, aie kept m order pnncipally by the aid of a bum 
ishei, repiesented m two views m fig 829, the blade is about 
2 inches long one inch wide, and -j- 1 ^ inch thick the end is mostly 
used, and which is foicibly nibbed, first on the front edge of 
ever} tooth as at a fig 830 and then on the Lack as at b, b} 
whichmeansa slight bail is thrown up, on eveiy tooth, somewhat 
like that on the joiner's scrapei, but m tins ait the buimshci is 
commonly named a turn file When the teeth of the floats hav< 
become thickened from lepeated burnishing the tuangulai file 
is again resoitecl to, and then the bumishei foi afuitliei period , 
by these means the floats aie made to last a consumable tune 
Th equannet is a float resembling fig 819, hut Living eoaise 
filed teeth, of the kind just described it may be considered as 
the ordinary flat file of the liom and toitoisesliell comb makeis, 
and m using the quannet the work is mostly laid upon the kne< 
as a support An ingenious aitizan m tins blanch. Mi Michael 
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Kell}, invented the quannet represented m figs 830 and 881 
The stock consists of a piece of beech wood m which at inter 
vals of about one quarter of an inch, cuts inclined neaily 30 
degrees with the face, are made with a thm saw, eveiy cutis 
filled with a piece of saw plate The edges of the plates and 
wood aie ongmally hied into the regular float like form, and 
the burnisher is subsequently lesoited to as usual The mam 
advantage results from the small quantity of steel it is necessaiy 
to opeiate upon, when the mstiument requires to he restored with 
the file Fiom this cncumstance and also from its less weight 
the wooden quannet, fig 830, is made of neaily twice the width 
of the teel mstiument, fig 819, and the face is slightly rounded, 
the teeth being sometimes inserted square across, as in a float, 
at other times inclined some 30 degrees as m a single cut file 

Amoie elaborate hut less available, instrument was invented 
by Mr White, probably during his residence in Fiance, about 
the time of the Resolution (1793) It consisted of numeious 
parallel plates of steel, which weie placed seiticnlly and m con 
tact something like a pack of nanow cards and were fixed m 
that position in an appropriate fiame and as the edges of the 
plates were all bevelled, they constituted a single cut file The 
most curious pait of the contnvance was the ingenious mode of 
chamfenng the edges is foi this puipose the plates were loosened 
and arranged in a sloping direction, so that the chamfers then 
lay collectively m one plane, winch was giound either on a 
guild stone, oi a lead lap fed with emtiy the plates veie re¬ 
placed perpendiculaily befoie use Means were also described 
for placing the steel plates square acioss the mstiument as m a 
float, or inclined to tlie light oi left as m a file, according to 
the matenal to be wrought and a diawmg is also given of a 
cucular float of similar natuie for cutting dye woods into small 
fragments White’s * peipetml file, with moveable plates, is 
however scarcely known, audit is veij questionable if it ever 
obtained more than the experimental application which led to 
its description having been published * 

The cutting of files by machinery is an opeiation that has 
engaged the attention of many peisons, and the earliest attempt 

* Published m JDcscnpUoiu des Mot,claim et JPiocMs specifics dam les Bievets 
d Invention &c JPar M Ghnstian Paris 4to 1824 Tome 6 p 33 Patent 
dated b Jan 1795 
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at the process that has come under the author’s notice is that 
of Thiout amts which was figured and described m a woilc by 
his son in 1740 and this machine being based on the manual 
process in all probability differs but little m its general features 
fiom most of those of moie recent projectois 

According to the drawings referred to, the file is attached to a 
screw slide, which is suspended at the ends hy pivots and covered 
with a thin plate of tin , the slide rests upon a stationary anvil, 
and is actuated bj a guide screw, which is moved at intervals, 
the space from tooth to tooth bj a pm wheel for which the 
ratchet wheel would be now substituted The chisel is held by 
a jointed aim, beneath which is a spring to tlnow up the chisel 
fiom off the file, the moment aftei a drop hammer, which is also 
fixed on a joint, has indented the tooth The movements of the 
slide and hammer are each repe itecl at the piopei intcivals, in 
every revolution of the w inch handle, by which 1 hiout s machine 
is represented to be worked * 

The practical introduction of machmeiy for cutting files 
appears to be due to a Frenchman of the name of Raoul, at 
about the close of the last centuiy but the descuption of the 
machine has not been published, and the manufacture is now 
earned on by his son, some of whose files are in the possession 
of the author They are certainly beautiful specimens of woilc 
manship being more strictly regulai, and also less liable to clog 
or pm when m use than files cut by hand, as usual 

His manufactuie is puncipally limited to watch files with flat 
sides and meisurmg fiom 4 of an inch, to 5 or 6 inches long 
When magnified, the teeth of the files cut either by hand or 
machinery ippeui as nearly as possible of the same cliaiactei I 

Machines have been recently constructed m England foi 


* See Thiouts Tiazte de l Soilogene Pans 1740 Yol l pa^e 81 plates 33 
Tnd 34 

f Mr Raoul was rewaided foi his files hy tlie Lyctc dcs A)ti an institution th tl 
no longer exists hut which was founded soon aftei the t rench Revolution foi tin 
rewaid of national di covenes and improvements 1 10 m the Report of the I ycr um 
of Arts it appears that on the 10th Ihermidor yeai 8 of the Republic (July 1800) 
an honoiary crown was decreed to Citizen Raoul for the perfection of his files 
And on a subsequent page of the report is given tho opinion of a Committee 
appointed to examine into the comparative merits of Raouls files fiom which 
report it appears they were pronounced hy the Committee to he equal and even 
supenoi to the best English files 
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cutting both large and small files, and half a dozen or more at 
a time * The details of the machines display gieat ingenuity 
and skill, especially m the arrangement foi holding the blanks 
and the chisels, and also m the mtioduction of templets and 
other mechanism by which, m cutting taper files, the hammer 
ib less laised m cutting the ends of the file than at the middle 
so as to propoition the foice of the blow to the width and depth 
of the cut at different puts of the fde Two machines were 
used for double cut files the bed of the one inclined to the right, 
of the otliei to the left, to give the diffeient honzontal incima 
toons pioper to these teeth, and a machine with a stiaiglit bed 
was used for single cut floats andfoi round and half round files 

Considerable difficulty w^as at fiist experienced in the manage 
ment of the chisels, winch weie then veiy frequently broken, 
but with moie dexteious management it is ultimately consideied 
that the chisels last foi a longer time in the machines than 
when used by hand The machines make about 240 stiokes 
m the minute, 01 three times as many as the file cuttei, wrth the 
advxntxge of nearly incessxnt action, as unlike the arm of the 
workman, the machines are unconscious of fatigue, moreover, 
to save the delay of adjustment two bedo for the files aie 
employed, so tli it the one may be filled whilst the blanks m the 
otliei aie being cut and two frames foi the chisels aie also 
alternately used Taking all these points into account, each 
machine is considered by the propnetois neaily to accomplish 
the woikof ten men buttheieaievaiiousdiawbacks that prevent 
under ordinary cncum&tances, any gieat commercial advantage 
m the machine ovei the hand process fiom which considerations, 
the pitent file cutting machines aie not at present used 

In concluding this section, there remain to be mtioduced, two 
propositions for the manufacture of files, suggested by a very 
talented and philanthropic member of the scientific world, the 
late Sir John Robison K H , F R S E , late Piesident of the 
Royal Scottish Society of Arts, &c, namely, his methods of 
making curvilinear files, and of cutting flat files with very fine 
teeth The subjects cannot be better stated than by quoting 
Sn John's concspondcnce with the authoi, speaking of the 

* Captain Eucoson s Patent Pile Cutting Machines specified 1836 constructed 
by Messis Braitlrwaites of London and earned into practical effect by Messrs 
Turton & Sons of Sheffield 

3 i 



842 sir john Robison’s curvilinear files, and 

curvilinear files of the section Q, page 821, he introduces the 

subject as follows , , T , ,, 

a j k ave just entered on a new project, of which I should be 

glad to know what you think Having always found difficulty 
m filing hollow surfaces from the scratches which the irregular 
cutting of even the best half round, or lound files leave m the 
work, m spite of every care, I was latelj led to consider whether 
half round, or even round files, might not he made as perfect m 
their cutting as flat ones It has occurred to me, that this object 
may be attained by cutting flat strips of rolled steel plate on one 
side, and then squeezing them into the desired curve by a screw 
press, and a block tin or type metal swage and in the case of the 
round file, by pressing the plate round a cyhndncal mandrel 
I do not think that the files made m this way should cost 
moie than those now made, as the surface would be cut by two 
courses of cuts (as fiat files are), instead of the numerous courses 
required to cover the surface of round files, the saving m this 
respect would make up for the time required m bending the 
plates * * * * 

A valuable addition to Sir John’s proposal occurred mciden 
tally, Messrs Johnson and Cammell, to whom the scheme was 
communicated m the haste of putting it to trial, took a thin 
equalling file that had been previously cut on both faces The 
equalling file w as softened, bent, and re hardened and this pro 
duced a file, the convex and also the concave surface of which 
werehoth useful additions to the tools of the general mechanician 

But it was found that with a plate of equal thickness, the 
central pait bent more easily than the edges, making the curve 
irregular This was successfully obviated by making the blank 
thinn er and more flexible at the edges, somewhat as a half lound 
file, and in which, case the bending was quite successful, and the 
section became truly cncular * 

Sir John Robison’s second project in respect to the manufac 


* The Society for the Encouragement of Arts of London bestowed its silver 
medal on Sir John Robison for his invention of the cuived file which distinction 
it is to be regretted arrived as a posthumous honour (See Trans Soc of Arts 
voLhv p 128 ) And the Royal Scottish Society of Arts presented m November 
1843 a silver medal to Messrs Johnson Cammell and Co for the skilful mannei 
m which they had earned out and perfected the above scheme, and introduced the 
curved files as a regular article of manufacture (See the official report m the 
Edinburgh New Philosophical Journal for January, 1844 p 86 ) 
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tine of files, refcis to a new mode of forming the teeth of veiy 
fine files, otherwise than by percussion, and without delating 
the leader by referring to the eailier correspondence on the 
subject, the author gives a short extract from a letter received 
a few da} s before Sir John s death, and also the contents of the 
packet tlieiem lefeired to 

Lest my medical fnends should be mistaken, and this malady 
increase so as to pi event my communicating my pioject for cut 
tmg fine files, I shall now make out a memoiandum of my ideas 
on the subject, and making a sealed packet of it shall enclose it 
to you If I get better and reach London, we can discuss the 
matter together, and if I am put hors de combat , you will con 
sider it your own * * * * * 

It appeals to me that the graver may be applied with good 
effect m cutting the teeth of the finer classes of flat files, and that 
if a number of steel blanks were firmly embedded on a platform 
similar to the bed of a planing table, and made to move forwaid 
m their own plane by a miciometer screw then if an equal num 
her of graveis weie to be fixed m a frame to lie over the plat 
form, so that each graver point should be m a certain relative 
position to one of the blanks on motion being communicated 
to the frame m a propei dnection and to a distance a little ex 
ceedmg the bieadth of the blank a line would be ploughed out 
of the surface of each blank If the frame were then brought 
back to its first position, and the platform advanced or receded 
by the micrometer screw, a second movement of the cutter frame 
would produce a line parallel to the first and so on m succession 
“If the points of the graveis, instead of being set to cut 



equilateial grooves as at A, were inclined so as to cut them as 
at B, then, by a proper proportioning of the depth of the cut 
and the progressive movement of the platform a regular cutting 
tooth of gieat shaipness may be given to the file 

“ The movement to be given to the graver fiame may be an 
oscillating one round a distant center so that the short arc of 
the teeth may be sensibly a straight line 

“ It is evident that the sharpness and smoothness of the 

3 i 2 
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engraving must depend mainly on the way in whidla^the 
is presented to the work and experience shows that the position 
of the tool in the hand of the engiavei is the most favomah e, 
both to the production of clean lines, and the pieservation of the 
point of the tool, the graver must he supported enduays and 
not alone by fastenings in its middle, like the tool of a planing 

machine, or a slide rest cuttei 

£ 1 he means of regulating the depth of the cut and the other 
arrangements of the paits of such a machine, wou c o couise 
require consideration by engrweis and practical mechanics 

‘ (Signed) Toiin Robison 

' Edinburgh 17th Februai y 1843 


The authoi much regrets that the multiplicity of his engage 
ments and especially those connected with these pages, should 
have prevented him putting the above piojeot to expoilmcntal 
proof but he would be well pleased to hear that the subject had 
been brought to successful issue by any peison more favoui ably 
situated for cany mg out the suggestion * 


SECT III- PRELIMINARY REMARKS ON USING DILI S, AND ON 

HOLDING "WORKS THAT ARE TO BL TILED 

The use of the file is undoubtedly moie difficult than that of 
the geneiality of mechanical tools and the difficulty ansos fiom 
the circumstance of the file possessing, but m a vciy infeiioi 
degree, the guide principle the influence of which pnnciple, in 
all tools from the most simple cutting tool used by hand, to the 
most complex cutting machine or engine, formed the subject 
matter of the inti oductory chapter of the pi esent volume Tlic 
comparative facility of the manipulation of turning tools, was 
shown to depend on the perfection m which the guide principle 
exists m the turning lathe It was further stated at page 108— 
“ The guide principle is to be traced m most of oui tools , in 
the joiner s plane it exists in the form of the stock oi sole of the 
plane, which commonly possesses the same superficies that it is 
desired to produce For instance, the caipenter s plane used for 


* Since'writing the above the author learns that Captam Friccson tiled some 
experiments on cutting file teeth as with a giaver but that ho was led to con 
sidei the mode less practical than that of cutting teeth by percussion llxo subject 
appears, however to deserve more extended trial 
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flat surfaces is itself fl it both m length and width, and theiefore 
furnishes a double guide JLhe flat file is somewhat under the 
same circumstances, but as it cuts at every part of its suiface 
fiom thousands of points being grouped togethei, it is more 
tieacheious than the plane, as- legards the surface fiom which 
it derives its guidance and from this and other reasons it is fai 
moie difficult to manage than the caijienter s plane 

lliese points are lecalled not to impress the amateur with the 
idea that the successful use of the file will be to him unattun 
able, but rather to call forth such a measuie of perscveiance as 
may enable many to arrive at a piactice which is confessedly 
difficult It is proposed m the present section to notice certain 
piehmmary and general topics, before attempting, m the next 
tin ee sections, to convey the instructions for manipulating the file 

Commencing with the position of the work, it is m all cases 
desirable that the surface to be filed should be placed horizontally, 
and the general rule for the height of the work above the ground 
is that the suiface to be filed should be neailj level with the 
elbow joint of the woikman, and which may be considered to 
range with diffeient individuals fiom forty to fort} five inches 
from the ground Some latitude is howevei lequued m respect 
to the magnitude of the works as when they aie massive, and 
much is to be filed off fiom them, it is desnable that the 
woik should be a tufle lowei than the elbow , when the woik is 
minute and delicate, it should be somewhat higliei, so that the 
ej e may be the better able to add its scrutiny to that of the sense 
of feeling of the hand upon which puncipally the successful 
piactice depends Ihe small change of height is also m agree 
ment with the three diffuent positions of the individual m the 
act of filing, for instance 

Fnstly In filing heavy woiks, or those which require the 
entiie muscular effort, the file vanes from about 12 to 24 inches 
long, and the length of the stioke is from about 10 to 20 inches, 
oi neaily the full length of the file The opeiatoi stands a 
little distance fiom Ins woik, with the feet separated about 30 
inches which somewhat loweis his stature he grasps and thrusts 
the handle of the file with his light hand, and beaisfoicibly near 
the end of the file with that pnit of his left hand which is conti 
guous to his wrist, so as to make the file peneti ite the work, oi 
hang to it The geneial movement of the peison is then an 
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alternation of the entue frame upon the knee and ankle joints 
the aims being compaiatively fixed to the body, the momentum 
of which is applied to the file 

Secondly In filing woiks of medium size the file vanes from 
about 6 to 12 inches, and the length of stioke is from about 4 to 
9 the operator then stands neaiei to the woik and quite erect, 
with his feet closer together Ihe right hand grasps the file 
handle as before but the extremity of the file is now held betwee n 
the thumb and the first two fingers of the loft band, and the 
general movement is that of the aims, the body being compuia 
tively at rest 

Thndl} In filing the smallest woiks the file is less than 
6 inches long and the stroke does not exeeed 1 or 4, and some 
times is not one tenth as much When the work is fixed, the file 
is still usually held m both hands as last described, hut fiequentl), 
in fact more geneially, the file is managed with the light hand 
alone, the forefinger being stretched out as m holding a caivmg 
1 mfe and the work is held upon the suppoit oi filing block with 
the left hand, as will be explained Ihe act of filing is then 
accomplished by the movement of the elbow, or even of the 
fingers alone, hut so little is the body moved, that the workman 
is usually seated as at an ordmaiy table 

It is appaient and also true, that the most direct way of pro 
during a flat suiface with the file, would be to select a file the 
face of which was absolutely flat, and that should be moved m 
lines absolutely straight, hut theie aie certain inteiferences that 
prevent these conditions being earned out First although it is 
desirable to employ files that are as neaily stiaight as possible, 
and that aie also fixed straiglitly m then handles yet vay few 
files possess tins exactitude of foim and although m the attempt 
to attain this perfection, some files are planed in the engineers 
planing machine before being cut with teeth, still the cutting 
and the hardening so far invalid ate this pi actice, that few even oi 
these planed files can retain their peifect stiaightncss, and cithc i 
both sides become m a small degiee megulaily toituous, oi the 
sides become respectively concave and convex Ihcxofoie, as 
for the sake of argument, it may be almost taken foi gxanti d 
that no files tiuly possess the intended foi m, it is better pm pose ly 
to adopt that kind of lriegulanty, which the least mtcifcus 
with the geneial use of the uistiument 
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The file, if concave or hollow in respect to its length, in. the 
manner coaisely exaggerated m fig 832, might he used for 
works of corresponding convexity but it would he impossible 
to file a flat surface therewith, as the concave file would only 



touch the surface at its edges, but the convex side of the same 
file might, as in fig 833, be made to touch any and every part 
of the surface if moved m a right line On this account most 
files aie made thicker and wider in the middle, or with both 
faces convex, and the error of hardening will then rarely make 
either side concave but will leave both faces convex, although 
differently so , and consequently, both sides notwithstanding 
some irregulaiity, aie usable upon flat works, piovided the 
operator can move them in a right line across the work 

In reference to the manipulation of the instrument, it is to 
be observed that the most natuial movements of the hand and 
arm are m circular lines, the several joints of the limbs being the 
centers of motion but, as m filing a flat surface, it is needful 
the hands should move very neaily in right lines, a kind of 
training becomes necessaiy 

If, however, the file were carried quite straight across a wide 
surface, the central part of the file would be alone used, but as 
the continual effort of the individual is to feel that the file lies in 
exact contact with the surface being filed, the hands imperceptibly 
depart so much fiom the exact rectilinear path as to bring all 
parts of the file fiom point to heel into use 

Again, it might be urged that the file, fiom being itself in the 
form of the arc of a large circle, would reduce the woik to the 
eounteipart form, or make it hollow in the opposite degree, it is 
tiue this is the tendency, and may by dexterity become the 
lesult, even on nairow pieces, but the contraiy eiror is more 
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common, so that the surface of the woik becomes iounded instead 
of concave or plane 

If the surface to be filed is four or five inches 01 more in 
width the risk of departing from the tiue figure becomes 
reduced as the file has then a wide base to rest upon, and the 
pressure of the hands leadily presents any material departure 
from the right position of the file , but the difficulty becomes 
greatly increased when the surface to be filed is narrow 

The file held m the two hands upon the narrow work mry 
be then viewed as a double ended level, 01 as a scale beam 
supported on a prop and the variation m distance of the hinds 
from the work or pi op gives a disposition to rotate the file 
upon the work, and which is only counteracted by h ibit or 
experience 

Assuming, foi the moment that in the three dngiamsthe 
vertical pi ensure of the right hand at 7 and the left at l to 
be m all cases ahl e, m fig 834, or the beginning of the stroke 
the right hand would from acting at the longer end of the lever 
become depressed, m fig 835 or the cential position, the 
hands would be m equilibrium and the file horizontal, and in 
fig 836, or the end ot the stroke, the left hand would prepon 
derate, the three positions would inevitably make the work 
round m place of leaving it plane oi flat 

It is true the diagrams ar e extravagant but this rolling action 
of the file upon the work is m most cases to be observed in the 
beginner, and those practised m the use of the file have perhaps 
unconsciously, acquired the habit of pressing down 07ily with the 
left hand at the commencement, and only with the right hand at 
the conclusion of eveiy stioke , or negitively tint they have 
learned to avoid swaying down the file at either extreme, and 
whrch bad practice will necessarily lesult, if the opeiator have 
not at first a constant wateh upon himself, to feel that the file 
and work are always m true contact, throughout the variable 
action of the hands upon the instrument 

When the woik is fixed m the bench or table vice, the file is 
almost always managed with both hands,as above described, but 
when the file is held m the one hand only, all the cncumstanccs 
aie altered, except the continued attempt to keep the woik and 
file m accurate juxta position , and to assist m this, the woik 
when so small as to be filed witb the one hand only is almost 
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mvanably held on the filing block with the left hand occasionally 
through the intervention of a hand vice, as m fig 858 page 862 
In this case the two hands act m concert the right m moving the 
file, the left m adjusting the position of the work, until the inch 
vidual is conscious of the agreement in position of the two paits 
Sometimes indeed the paitial lotation of the work, m oidci 
to adapt the work to the file, is especially provided foi, so as 
to compensate foi the accidental swaying of the file such is the 
case m the Pilous kinds of swing tools, used by watclimakeis m 
filing and polishing small fiat works A similu end is more 
i uely obtained on a larger scile, when the file is lequned to 
be held m both hands Foi example, filing boards resembling 
fig 837, and upon which the woik is placed have been made 



to move on two pivots, somewhat as a gun moves on its tiunnions, 
consequently the woiks when laid upon the swinging boaid, 
assume the same angle as that at which the file may at the 
moment be held 

A more common c ise is to be seen m filing a rectangular mor 
tise, or key way, tlnougli a cjlmdncal spindle, as in fig 838 , 
the hole is commenced by dulling tlnee or four holes, which aie 
thrown into one by a cioss cut chisel, or small lound file , and 
the woik, when neaily completed, is suspended between the 
centers of the lathe, so that it may fieely assume the inclination 
of the file At other times the cylinder is laid m the interval 
between the edges of the jaws of the vice, that aie opened as 
much as two thuds the diameter of the object, which then simi 
laily rotates on the suppoitmg edges this mode is shownm fig 839 

These three applications arc objectionable m some instances, 
is the file is left too much at libeity, and the woiks are liable to 
be filed hollow instead of flat, especially if the file be rounding 
because the unstable position of the woik pi events the file from 
being constrained to act on any particular spot that may regime 
to be reduced 
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Some general remaiks will be now given on ceitain practices 
in respect to economising the wear of files, and these will be 
followed by other lemarks on the modes of holding woiks that 
are to be filed prior to giving m the next sections, the piactical 
instructions upon filing 

The exterior surfaces of iron castings are usually more or less 
impregnated with the sand of the foundiy moulds, which is veiy 
destructive to the tools , and this is m many cases removed 
by pickling them with dilute sulphunc acid, which dissolves a 
little of the metal, and undermines and loosens the sand, as 
explained m vol 1 , p 375 lion castings become moreover 
superficially hard from coming m contact with the moist sand of 
the foundry mould , so that a thm but haid slan envelopes the 
entire object to the depth of the twentieth or thirtieth of an 
inch, and as this is very mjunous to the files, it is usually 
chipped off with a chisel and hammei, the pickling is then less 
lequired 

The ordinary chipping chisel is about six or eight inches long, 
andthiee fouiths of an inch broad on the edge, which is a little 
convex, that the corners may not be liable to dig into the work 
The bevils aie ground to meet at an angle of about 80 degiees, 
and the hammer used with the chipping chisel varies from about 
two to three pounds m weight Before commencing to chip the 
work it is usual to rub both the face of the hammer and the end 
of the chisel upon the bench or floor to remote any grease and 
leave them bright and clean, as were either of them gieasy there 
would be risk of the hammer glancing off and striking the 
knuckles A blow is first given with the hammer upon the angle 
of the woik, to make a little facet upon which the first chisel cut 
is made, about the thirtieth of an inch below the general surface 
of the casting the chisel being then only laised some 80 degrees 
above the horizontal line In continuing the cuts the chisel is 
elevated to about 15 degrees, the blows aie given m quick sue 
cession, and the cuts aie led gradually over the entire suifacc, 
the advance berng alwaj s upon a line that is convex to the chisel 

Provided the casting is moderately flat, the edge of the chisel 
is kept at one uniform distance below the general suiface of the 
work which is occasionally examined with the straight edge 
Should the surface of the casting present any lumps or nregu 
lanties of suiface, a thicker chip or two thm chips are removed 
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from such high paits, to lessen the subsequent labour of filing 5 
but which process is much less destructive to the file after the 
hard sand coat has been removed by acid from the iron 

In some massive works, and also m cases where large quanti 
ties have to be chipped off certain parts of castings, much laiger 
chipping chisels are used, which aie called flogging chisels, they 
commonly exceed one foot m length, anclare proportionally stout, 
one man holds the chisel m both hands sometimes by means of 
a chisel rod for greater secunty, whilst another strikes with a 
light sledge hammer Where much has to he removed, it is also 
usual to employ cross cutting chisels, these are about seven or 
eight inches long, a quaitei of an inch wide on the edge, and an 
inch bioacl m the other dnection, the cross cut chisel is first 
used to cut furrows, half 01 three quarters of an inch asunder, to 
the full depth of the parts to he removed, and the intervening 
ndges are then easily bi oken off with the ordinary chipping 
clmel, hut since the general employment of the planing 
machine and others of the engineer's tools, the chipping chisels 
aie scaicely required When non castings are so near to their 
lequired dimensions, that chipping would remove too much, they 
aie either cleaned with a nearly worn out file, 01 the outer coat 
is removed on the grindstone, means that are much less wasteful 
of the material 

Wrought iron is but seldom pickled previously to being filed 
but is either cleaned with an old file, 01 is ground on a stone to 
remove the outer scale 01 oxidised suiface the chipping chisel 
is only m general requned when the nature of the work pre 
vents it from being forged so nearly of the required form as to 
bring it properly within range of the file 

Bi ass and gun metal are, as already noticed m the first volume, 
p 375, sometimes pickled but with mtuc acid instead of the 
sulphuric acid which is employed for non and biass is com 
moidy hammered all over to increase its density, unless a minute 
quantity of tin is added, say a quarter or half an ounce to the 
pound, which maternally stiffens the alloy, so as to rendei ham 
menng as unnecessary as it is with good gun metal 

After a file has been used for wrought iron or steel, it is 
less adapted to filing cast iron or brass, which lequire keen 
hies, theicfoie to economise the weai of the mstiument, it is used 
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for a tune on biass or cast lion, and when paitially worn, it is 
still available foi filing wiought non 01 steel, wheieis, had the 
file been fiist used on these haidei matenals it would have been 
found compaiatively ineffective foi biass and cast non 

As a fuitlier measuie of economy the piessuie on the file 
should be always relieved m the back stioke, which otheiwise 
only tends to wear down or break off the tops of the teeth as 
then formation shows that they can only cut in the oidmaiy 01 
advancing stroke, the file should, m consequence, be neaily 
lifted fiom the woik m drawing it back but it is not usual 
actually to laise the file off the work as it then becomes needful 
to wait an instant before the next stioke to ensuie the tiue posi 
tion of the file upon the woik being resumed wheieas if it is 
biought back with meonsideiable piessuie the file is not mjuied, 
and the hand still retains the consciousness of the tine contact 
of the file and woik, without which the mslLument is used with 
f u less decision and conectness than it otherwise would be 

Some woikmen smooth the woik by the method called chaw 
filing 01 by di awing the file sideways along the woik using it 
m fact as a spoke shave instead of a file this ceitamly has the 
effect of smoothing the woik because m that position the file c an 
only make slight and closely congiegated sciatclies,but the teeth 
will not cut m this mannei Anothei mode sometimes employed 
is to cuil the woik 'with the file, by describing small cncles with 
the mstiument as m gunding oi polishing but neithei of these 
piactices employs the file teeth m the mode m which they aic 
legitimately adapted to cut and no gieit leliance should be 
placed upon them "When smooth suifices aie lequued, it is a 
bettei and qmckei pi notice, as the woik idvances towaids com 
pletion to select files th it ue gi actually finei but always to use 
them fiona point to heel 

When it is desned to make the smooth files cut wi ought non 
steel, and othei fib > oils metals a eiy smoothlj, the file is used with 
a little oil to lubnc itc the suif ice, so tint it may not penetiate 
to the same degree as it would if used diy the oil also lessens 
the disposition to the ser itching and te mng up of the p u tides 
which should it happen mostly pioduces a lunow oi sei itch, 
especially if the file be pinny a circumstance now to be expl lined, 
but the oil should not be used on the coaisei oi piepaiatoiy files 

Ihe paitides lemoved fiom the m itenals opeiatecl upon, uc 
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alw lys moie 01 less liable to clog the file but which, pniticularl} 
when the instillment m dr}, Tie partially removed by giving the 
edge of the file a modelatelj smait blow on the chaps of the vice 
01 the edge of the bench but particles of wrought non, steel, 
and other fibrous metals Tie pt to pin the file, 01 to stick m so 
hud ts to requne to be picked out with a pointed steel wue, 
which is run through the funow m which the pm is situated 
ihe marking point used m setting out woiks is commonly 
employed foi the purpose 

Files are sometimes cleaned with i seuxteh hfiish, which is a 
cylurch ic al bundle of fine steel 01 buss wue bound tightly m 
its central pait, but allowing the ends of the wne to protrude 
at both extremities as a stiff biush Occasionally also, a scicipev 
is used, 01 a long stnp of sheet hi iss about an inch wide, a 
sm ill portion of the end of which is turned down at right angles, 
and thinned with a hammer the thm edge is then drawn 
forcibly through the oblique fmrows of the file, and serves as 
a i ike to lemove in} particles of metal that lodge therein 
But the best and most rapid mode of cleaning the file, is to 
nail to a piece of wood about two inches wide, a strip of the so 
called cotton ccnd, which is used in combing the cotton wool 
piepaiatoiy to spinning tho little wne staples of the caid that 
aie fixed m the leather constitute a most effective brush, and 
answer the pm pose exceedmgl} well Somewoikmen to lessen 
the disposition of the file to hold the file dust or become pinny 
rub it ovei with chalk, this absoibs any oil oi grease th it maybe 
on the file and m a considerable degiee fulfils the end desired 
To remove wood dust from files floats, and rasps, some per 
sons dip them for i few moments into hot water, and then biush 
them with a stiff biush the water moistens and swells the wood, 
tlieieby loosening it, and the biush entnely lemoves the par 
tides, the heat given to the file aftei w uds ev ipoiates the tnflmg 
quantity of moistuie that lemams, so as to avoid the formation 
of rust This plan, although effective is neither geneial nor 
important __ __ 

1 he principal methods of fixing woiks, m order to subject 
them to the action of the file will be now noticed Many ol 
the massive parts of machmeiy aie so heavy, that giavity done 
is sufficient to keep them steady under the action of the file, and 
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for such as these, it is theiefore only needed to prop them up 
m any convenient manner by wedges trestles, 01 othei suppoits 
so as to place them conveniently within reach of the operator 
But the gieat majority of works are held m the well known 
implement, the smith's bench vice, or tail vice, the general form 
of which is too familial to require description but the annexed 
figuies represent the front and side views of a less known modi 
fication ot the same, called a tapei vice , which presents some 
peculiarities, and is occasionally emploved by engineers 

The taper vice, figs 840 and 841 is made principally of cast 
iron and to include within itself the base whereon it stands that 
has at the back two small non trucks or rollers, so that when 
the vice is supported upon them alone, it may be easily rolled 
from place to place notwithstanding its weight The front limb 
of the vice moves on the joint a , the back on the joint b, so as to 
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giasp eithei wide oi nanow pieces but it is by this arrangement 
adapted alone to objects that aie paiallel, which condition, it is 
tiue is more usually lequned But m the present apparatus, if 
the javs are closed upon a tapeo object , a form that frequently 
occurs m steam engines and similai woil s the two parts of the 
vice swivel horizontally on a joint, the axis of which is on the 
dotted line c so as to place the jaws at an angle corresponding 
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with that of the woik, m fact the lover pait 01 pedestal of the 
vice is jointed somewhat like the front axletiee of a carnage 
Under ordinary ciicumstances, howevei, the sciew and nut of 
such a vice would hear very imperfectly upon the moving parts, 
owing to their obliquity but this objection is met by cutting a 
sphencal lecess m the outside of each half of the vice, and 
making the collai of the sciew part of a sphere to constitute a 
hall and socket joint, and also by making the nut a peiforated 
sphere, adapted to a sphencal civity 01 seat, but with a feather 
to prevent it fiom turning round The two hearings of the 
sciew thus accommodate themselves at the same time, both to 
the horizontal and vertical obliquities of the jaws To constrain 
the two parts of the vice to open in an equal degree, there aie 
two links that aie jointed to a collar that slides freely on a 
cjhnder, which latter is in fact the continuation of the joint pm 
c and to the collar are also attached the two spimgs that open 
the limbs of the vice when the sciew is lelaxed This useful 
apparatus is well adapted to its paiticular purpose, such as the 
larger pieces of steun engines, and similar machmerj 

The oidmary tail vices 01 standing vices for heavy engineei 
mg and large works sometimes exceed 100 lbs m weight but 
the aveiage weight of tail vices, foi aitisans m geneial is fiom 
40 to GO lbs , and of those for amateuis, fiom 25 to 35 lbs 

The bench foi the vice usually extends thioughoutthe length 
of the engineer s shop or vice loft and is seemed against the 
windows The tail vice is strongly fixed to the bench at the 
requned height, and the tail that extends downwards is fixed 
m a cleet nailed to the floor, or against one of the legs of the 
bench which latter mode is desirable as the vice is then m 
better condition to resist the blows of the chisel and hammei 
which give use to much more violence than the act of filing 

Amateurs sometimes employ poi table a ice benches, having 
nests of drawers for containing the files and other tools, or the 
vice is attached to the right hand side of the turning lathe, less 
frequently the tail vice is attached to the nlanmg bench, but it is 
then requisite it should admit of ready attachment md detach 
ment to leave the plmmg-bench at liberty foi its oidmary 
application 

Fig 842 represents a veiy convenient mode of mounting the 
tul vice upon a tupod stand of cast iron, which indeed is in 
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man) cases preferable to tlie wooden benches, as, although small, 
it is sufficiently heavy to ensure firmness, especially as, fiom 
having onl} three points of support, ill aie suie to touch the 
ground The tupod leidily admits of being shifted about to 
suit the light and ilso of temporary change of height by lifting 

pieces added to the feet when 
the woik is required to be 
neaiei to the eye of the ope 
latoi The tupod pedestal 
selves additionally for the 
occasional suppoit of a small 
anvil (when not lequned 
foi foigmg) and also foi a 
paung knife fig 8 page 
,20 Yol I), when an ippio 
pnxte wooden cutting block 
is added to the tupod 
The table-vice mostl} used 
b} watch makeis and similar 
artizans, resembles that 
shown m figs 818 and 811 
It is attached to the table by 
a clamp and screw, which are 
aimed with teeth to give a secure hold, but it is usual to glue a 
small piece of wood on the table to receive the teeth, and also 
to prevent the lodgment of small pieces of the woik at that part, 
and the woil table Ins also a ledge around it, to prevent the 
w oil 01 tools fiom lolling off It will be also perceued, that 
the clnnp is surmounted by a small squaie projection a used 
as a stal e oi anvil and that the jaws of the \ice hive centei 
holes on one or both sides foi the employment of small centei 
dulls that aie too delicate foi the bieast plate, after the mode 
described m iage 553 of the piesent volume 

It is m all cases desinble that the jaws of vices should be 
exactly parallel, both with the edge of the bench and with the 
giound m older that the position of the work maybe instinctively 
Inown but the tail vice and bench vice aie liable to various 
objections that anse from then opening on a center, oi as a 
hinge foi although the jaws aie almost parallel when closed oi 
then nip m pieference at the upper edge, when opened widely, 
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the latlial position of the jaws causes the lowei edges alone to 
giasp the woik, and as in addition, the fiont jaw moves m a 
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cncular arc, a wide object, on being fixed is necessarily thiown 
out of the horizontal into an inclined position each of which 
imperfect conditions is shown m fig 844 

I he inclination of the two limbs of the vice, likewise depie 
mates the contact of the screw and nut this is sometimes 
remedied by a modification of the ball and socket alieady de 
scnbed A more simple mode is the employment of a washer of 
the foim represented at w, fig 812, which is placed beneath the 
screw the fork embraces the lower extremitj of the curved jaw 
of the vice, and the washer being thickest m the center rolls so 
that the flat side alwaj s touches the entne surface of the shoulder 
of the screw and the cential and bulged part of the washer 
touches the limb of the vice and causes the piessure to be neaily 
cential upon the screw, instead of as m fig 844 against the 
upper edge of the collar of the sciew, which is then liable to be 
bent and strained I he box or internal sciew b fig 842 m which 
the sciew pm woiks, has also a power of adjustment oi hinge like 
rotation, winch ensuies, here likewise, centrality of piessuie 
This mode is extiemely simple, and worthy of geneial adoption 
The inconveniences common to vices opening radially on a 
joint pm, aie completely removed m those opening on stiaight 
slides, these aie called pai allel vices , because the suifaces of their 
1 \ws or chaps, and also the bearings of then screws and nuts 
always retain then paiallelism, consequently whether the woik 
be wide or narrow, it is alwajs fiimly giasped by the chaps 
provided the woik be itself pai allel One of these vices is lepie 
sented m fig 845 Ihe fiont j iw is foigecl in continuation of 
tho bod^ of the \ice the whole being of a lectmguUi foiin and 

i 
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receiving at its uppei parts the extremities of the pinching 
sciew, which has a semi cylindrical covei to protect it from the 
file dust The hack or sliding jaw of the parallel vice fits accu 
rately upon the uppei surface of the principal bai at a and ilso 
upon a square bai 5, placed above it 



by clamps that only allow them one fixed position, namely, with 
the jaws parallel with the bench as m the bench vice, fig 843 
butmoie geneially the clamp of a pai illel vice c c c, fig 815 
has a vertical socket oi hole, and the puncipal juece of the vice 
terminates m a round stem that fits the socket, and has a nut n 
by which means any honzontal inclination maybe given to the 
jaws they aie lepiesented inclined or they may even be placed 
at light angles to the bench 

Some parallel vices aie attached to the table by ball and 
socket joints, as shown detached m fig 846, and various similu 
schemes have been proposed The sciew clamp is attached to 
the table by a thumb screw a, and the clamp terminates m a 
portion of a spheie , the lower part of the vice has two shallow 
sphencal cups adapted to the ball so that by turning the thumb 
sciew 5, the ball is grasped between the two cups It is true 
this kind of paiallel vice may be inclined both horizontally and 
vertically, and therefoie ofieis much choice of position , but it 
is too unstable m any to seive for moie than very light works 
which require but a small application of foice 

The jaws of vices aie faced with hardened steel and cut like files 
so as to hold securely but works that aie nearly finished would 
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be injured by the indentation of the teeth, and me theiefoie 
protected by various kinds of shields or *ice clamps , as they are 
generally called, seveial of these are shown m figs 847 to 857 
Vice clamps, such as fig 847, are often made of two detached 
pieces of stout sheet iron, brass, or copper, of the length of the 
chaps of the vice and nearly as wide The two pieces aie 
pinched between the jaws and then bent closely around the 
shoulders of the vice to mould them to the requned foim and 
make them easily retain then positions when the work is removed 
from between them 



Sometimes sheet lead an eighth of an inch thick is used, but 
such clamps answer better when cast mthe rectangular form, as 
m a fig 848 and then bent as at b , the lead should be hardened 
with a little antimony, to resemble a very soft tj pe metal (Yol I 
page 277) and, previously to bending the clamps, they should be 
heated to about 300° to 400° Fahr to avoid fracture This alloj 
although harder than lead, is still sufficiently soft to adapt itself 
to liregulanties in the objects held and the clamps being thick, 
last longer, and moie leidily admit of being restoied to foim 
by the hammei or rasp, than those made of sheet lead 

3 k 2 
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Spring 01 jointed clamps of the several forms figs 849 to 857, 
aie also made Fig 849 represents two stont rectangular pieces 
of metal, united by two spnngs winch pass on the sides of the 
vice sciew, these open to a considerable distance, and from the 
flexibility of the spnngs, leadily adapt themselves either to 
thick oi thm pieces 

The clamp fig 850 is made m two pieces of cast oi wrought 
iron, jointed like a wide door hinge, and with a spring to separate 
the two parts to a small extent, this clamp has a piece of soft 
steel or iron attached to each half to make a fine close mouth, 
suitable to delicate works and thm plates 

Fig 851 is a nairow spring clamp made of one piece of steel 
to wmch are attached pieces of wood oi brass that mxy be 
renewed when worn out of shape the clamp fig 852, is made 
of one piece of steel, and formed with a ciease to hold small 
wiies horizon tall} 853 and 854 are detached clamps one 

plain the othei with an angulai notch, that seive for holding 
lound and othei pieces vertically 852 and 853 are each useful 
m holding round bais whilst they aie being tapped and not 
unfiequently then mnei edges aie cut with file teeth, after 
which they aie hardened and tempeied As shown m fig 855 
some of the vice clamps are made with jaws inclined at about 30 
degiees to the peipendicular to serve for holding chamfer bars 
for slides, and various bevilled works, these clamps have the 
effect of placing the chamfeied edge nearly horizontal which 
latter is the most convenient position foi the act of filing 

Fig 856 aie the long sloping cl imps, consisting of two pieces 
of wood bevilled at then extremities and united by an external 
strap of sheet non oi steel which is nveted to them should 
they fail to spring open sufficiently a stick is tinust between the 
two pares as shown by the dotted lines fig 857 are upught 
wooden clamps which are forked so that the tails pioceedverti 
call} one on each side of the screw of the vice The sloping 
wood clamps commonl} used by gunmalers are made long 
enough to lest upon the flooi, and when the one end of the 
gun bairel is pinched between them the other end is supported 
eithei by a veitical prop called a hotse, or by a horizontal 
wooden horse, fixed to the bench at ibout the same height as 
the jaws of the vice 

"Wooden clamps, although of gieat convenience, aie open to r 
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di whack that is someti nes acutely felt, as when small pieces aie 
bn&kly filed whilst held m wooden clamps, owing to the slow 
conducting power of the wood the woiks become so hot as to be 
inconvenient to be held m the fingeis, but which is continually 
required as it is necessary at shoit intervals to lemove the work 
tiom the vice for the puipose of testing, bv the straight edge, 
square 01 othei measunng mstiuments, the piogiess made 
Sometimes the woik is giasped between slips of leather 01 caid, 
that are simply held to the vice by the penetiation of its teeth 
Leather and card aie, howevei paitly open to the same objec 
tion as wood clamps, from which the metal cl imps owing to 
then supenor power of conducting heat are nearly fiee 

A gieat number of smill works are more conveniently filed, 
whilst they aie held with the left hand, the file being then 
managed exclusively with the right, this enables the aitizan 
more easily to judge of the position of the file In such cases a 
piece of wood/ fig 858 called a filing bloc1 is fixed m the table 
oi tail vice and squaie louncl, and similai pieces, aie lested m 
one of se\eial notches made m the block with a tnangular file 
If the woiks areiectangulai, or have flat smfices they aie held 
quite at lest if they aie cireulai they aie continually lotated 
as will be explained and if they aie wide and flat, they are laid 
on the flat suiface of the filing block/, igainbt a ledge or piojec 
tion lepiesented on the lowei side of the block, which is then 
placed upwards 

Pieces that aie sufficiently long and bulky are held upon the 
filing block by the hand unassistedly, but small and shoit 
woiks aie moie usually fixed m some desciiption of hand vice, 
and applied m the position shown m fig 858, and the vice being 
largei than the work, selves as a handle, and affords a bettei 
giasp 

Foi woiks of laiger size the hand vices aie progiessively 
laigei as m 859 and 800 , some of them have wooden handles 
Almost all the hand vices hive fly nuts to be twisted with the 
fingers but the most poweiful, which sometimes weigh as much 
as about three pounds have squaie nuts that are fastened b) a 
key oi spannei s Occasion all} to ensuie a stiong gup one 
ear of the ordinaly fl} nut is pinched m the tail vice whilst 
the hand vice is twisted bodily lound but unless due caution is 
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used, either the vice may he stiamed, or the sciew broken fiom 
the gieat puichase thus obtained 

Hand vices aie not howevei, m all cases employed, but small 
wiies and other pieces aie also held m a species of pliers, 
fig 861, called pm tongs or sliding tongs , which are closed bj a 
ferule that is drawn down the stem Fig 862 shows another 
variety of this kind that has no joint, but spungs open by 
elasticity alone when the ring r is drawn back 




The small pm vice, fig 858, is used by watchmakers m filing 
up small pms and othei cylindiical objects, the jaws are not 
united by a joint, but aie formed m one piece with the stem of 
the vice the end that constitutes the j aws being divided or forked, 
the sciew and stem aie each peifoiated throughout, that the 
ends of long wnes may be filed, and the stem is octangular 
that the pm vice maybe readily twisted to and fro between the 
fingers and thumb of the left hand, whilst the file lsieciprocated 
by the right hand, and m this mannei a considerable approach 
to the cylindrical form is obtained 

Independently of the rapid movement of the hand vice to and 
fro on ts axis, simultaneously with the strokes of the file the 
two hands being moved together, the hand vice is thrown pro 
giessively foiwird with the foie finger about a quarter of a turn 
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‘it neail} eveiy alternation, so as to bring all parts of the woik 
alike under the operation of the file But as it is m this case 
impoitant that the work should be pinched exactly central m the 
vice or so that the axis of the work may pass thiough the axis 
or cential lme of the vice, a cential angular groove is frequently 
made m each jaw of the 1 and vice, to give the woik, without 
tual a nearby axial position This is moie usual m thenanow 
\ices, fig 859, known as dog nose or fig nose hand vices than m 
those with vide 01 cioss chaps 858 and 8G0 

Man} cupular woiks that weie formerly thus filed are now, 
fiom motives of expedition and accuiacy, more commonly exe 
cuted m the turning lathe since the gieat extension m the use 
of this machine, which has become nearly as general as the vice 
or the file itself, but fiequent occasions still remain m which 
the hand vice and file aie thus emplojed, and it is curious to see 
how those accustomed to the rotation of the different kinds of 
hand vice with the wust will m this manner reduce a squaie or 
megular piece to the cncular section 

In the pm tongs, fig 862 besides the facility of turning the 
instrument lound with the fingers, fiom the reverse end having 
a center and pulley the same spring tongs serve conveniently 
as foiceps foi holding small dulls to be worked with the dull 
bow and also for other purposes m watch woik 


Numerous flit woiks aie toolirge thin and megular m then 
superficies to admit of being fixed m the various kinds of bench 
md table vices that have been described and if so fixed, theie 
would be risk of bending such thin pieces by the piessuie of 
the vice applied against the edges of the work consequent!}, 
different methods aie employed m fixing them 

The laigest flat woiks aie simply laid on the naked surface of 
the woik bench and tempoianly held by half a dozen oi more 
pms or nails driven into the bench The pins should be as close 
to the maigm is possible, and yet below the surface of the woik 
so as not to interfere with the free application of the file , it is 
iiequently necessary to lift the woik out of its temporary bed 
foi its examination with measuring instruments and advmtige 
is taken of these oppoitunities foi sweeping awa} with a 
small brush (like a nail brush foi the ditssmg tiblc,) any loose 
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filings that may have got beneath the work, and pi event it fiotn 
lying flat 

Foi thm flat works of smallei size, the filing boaid, fig 863, 
is a convenient appendage it measures six or eight inches square, 
and has a stout nb on the undei side, by which it is fixed m the 
vice Such thm works are required to be fiequently corrected 
with the hammer and also to be turned over m older that their 
opposite sides maj. be alternately filed, so as to follow and com 
pensate for, the continual changes they undergo m the act of 
being filed In some instances the work is held do^n with one 
or more screw clamps or hand vices as lepiesented this is need 
ful when pms would biuise the maigms of neaily finished woiks 
and a caid 01 a few thicknesses of paper are then interposed to 
protect the object fiom the teeth of the vice 
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In filing thm flat works, such as the thm handles or scales 
of penknives and lazors, and the thm steel plates usedm pocket 
knives, the Sheffield cutlers geneially lesoit to the contrivance 
repiesented m fig 864 and known as a flatting vice A hand 
vice is fixed m the ordinary tail vice oi table vice by the one j xw 
with the sciew uppeimost, so that the jaws of the hand vice are 
honzontal The thm scale to be filed is then placed on a flat 
piece of metal not less than a quaitei of an inch thick, and the 
two aie pinched togethei by the one cornel so that all the i emam 
mg surface may be free to the action of the files, and the work 
is readily shifted about to allow all parts to be successively ope 
rated upon The facility of changing the position is paiticulaily 
useful m working on pieces of toitoiseshell buckhom and other 
matenals of megular form and thickness, to which the filing 
boards with pms or clamps would less conveniently apply 
As befoie observed, the one face of the small filing block /, 
fig 8o8, is also used foi veiy small thm works, and which aie 
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pi evented slipping fiom the file by the wooden ledge, 01 by 
pins driven in In many instances, also thin woiks are held 
upon a piece of cork, such as the bung foi a huge cask, beneath 
^hich is glued a squaie piece of wood, that the cork raaj be held 
m the vice without being compiessed The elasticity of the 
cork allows the woik to become somewhit embedded by the 
piessuie of the file between which and the siufice fuction, it is 
sufficiently seemed foi the purpose without pins 

STCT IV-INSTRUCTIONS TOR TILING A TLAT STJRTACE UNDTR 

THE GUIDANCE OT THE STRAIGHT EDGE, AND OT THE TRIAL 
PLATE, OR PLANOMETER 

In following out the subject of the instiuctions for the use of 
the file, it is pioposed, first to explain that which maybe called 
the manual piocess of pioducmg a tiue or plane surface on 
a piece of cast iron of model ate dimensions say four 01 five 
inches wide and eight or ten inches long and although the 
entne loutme is onla required for surfaces of the most exact and 
finished kind, the same geneial treatment when discontinued at 
certain stages, is equilly suited to various other woiks m me 
cliimsm that only demand by companson an mfonoi dcgiee of 
pi ecision the routine is also neatly the same foi suifaces 1 irgei 
01 smaller tlnn that icfcned to 

Befoie any effective piogiess can he in ule m filing flat woiks, 
the opeiatoi must be provided with the means of testing the 
piogiessive advance of the work, he should thucfoie possess a 
tiue stiaight edge, and a tiue suiface plate 1 lie sti uglit edges 
used by smiths aie generally of steel and xlthough they have 
sometimes a nearly acute edge it is much more usual to give 
them modeiatc width thus m steel stimglit edges fiom one to 
foui feet m length, the width of the edge is fiom one sixteenth to 
one fourth of unnch and m cast non stiaiglit edges from six to 
nine feet m length, the width is usually two to tlnee inches 
The stiaiglit edge is used for trying the surface that is under 
correction, along its foui maigms, aeioss its two diagonals, and 
at v mousintermediate paits which lespective lines, if all exict, 
denote the suifice to be correct, but the stiaiglit edge alone is 
a tedious and scarcely sufficient test, and wire n great acciuacy is 
desired, it is ilmost xmper ativc to h ive at lc ist one \cry exact 
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plane metallic surface, or smface plate (th e piano mette of the 
French,) by which the geneial condition of the suiface under 
foimation may he more quickly and accuiately tested at one 
operition and to avoid confusion of teims, it is pioposedmall 
cases when speaking of the mstiument to employ the French 
appellation piano metie 01 lathei planometei, which is exact and 
distinctive 

lhe flat piece of cast non, intended to be operated upon, 
having been chipped all ovei, as descnbed m pxge 850 a coaise 
hand file of as laige dimensions as the operitoi can safely 
manage is selected, and m the commencement the lough edges 
01 ndges left by the chipping chisel aie levelled those pai ts how 
ever being puncipally filed that appear fiom the stiaight edge 
to be too high 

The strokes of the file are directed sometimes square across as 
on a fixed line, oi obliquely m both directions alternately at 
othei times the file is traversed a little to the light oi left duiing 
the stioke, so as to make it apply to a poition of the woik 
exceeding the width of the file These changes m the applica 
tions of the file aie almost constantly given, m oidei that the 
vanous positions may cross each other m all possible directions 
and prevent the formation of partial hollows The work is tiled 
at short intervals with the str light edge and the eye directed on 
a level with the work to be tested leadily perceives the points 
that aie most piomment After the rough eirois have been 
paitially removed, the work is taken fiom the vice, and stiuck 
edgewu} s upon the bench to shake off any loose filings, and it is 
then inverted on the plmometer which should be fully as large 
oi larger than the woik As howe\ei, it cannot be told by the 
eye which points of the woik touch the planometer, this mstiu 
ment is coated all over with some colouring matter such as pul 
vensed red chalk mixed with a little oil, and then the touching 
places become coloured 

In all probability the woik will at fiist assimilate so imper 
fectly with the planometei, that it will only rest theieon at its 
two highest points, most likely at the two corners of the one 
diagonal and when pressure is applied at the two othei corners 
alternately, the work will piobably ride or rock on the two points 
of temporary suppoit The work is slightly nibbed on the sur 
face plate and then picks up at its highest points some of the 
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red matter it is refixed m the vice and the file is principally 
used m the vicinity of the colouied paits with the occasional 
test of the straight edge, and after a short penod the woik is 
igam tiled on the planomotei 

Should the same two points still become reddened, they are 
fuithei ieduced with the file but it is piobable the woik may 
be found to rest upon laigei poitions of its sui face, 01 upon 
thxee or foui points instead of two only and if so all the 
maiked places aie reduced m i small degice befoie the sue 
ceedmg tual This piocess is continually repeated ind if 
watchfully peiformed, it will be found that the points of con 
tact will become gradually mci eased say fiom two to four, to 
six 01 eight, then to a dozen oi moie uid so on 

In this, or rather an earliei stage of the work, the smith s 
plane for metal is often advantageously used m connection with 
the file The general structuie of the pi me is shown by the 
figuie and description on page 1 R 3 , and it is employed much after 
the manner of the jomei s plane, but it may be used at pleasuie 
lengthways, ciossways, oi diagonilly, without any mteiference 
fiom giam oi fibie as m wood woik The giooved oi roughing 
out cutter is employed m the commencement because it moie 
leadily penetrates the woik and a few strokes are given to ciop 
off the highest points of the suit ace, the fimows made by the 
senated cuttei aie then neaily removed with the file, wlucli acts 
moie expeditiously although less exactly than the plane, and m 
this manner the giooved plane non and the coarse file are alter¬ 
nately used In the absence of the planometcr, the metal plane 
assumes a gicatly mcieased degree of importance 

As the woik becomes gradually noarei to truth the grooved 
cuttei is exchanged foi that with a continuous or smooth edge, a 
second cut oi bastard hand file, is also selected, and the same 
alternation of planing and filing is pciseveied m, the plane sei v 
mg as it wcic to direct the file, until it is found that the plane 
non acts too vigoiously, as it is scaicely satisfied with merely 
sci aping over the surf ice of the cast iron but when it acts it 
it moves a shaving having a neaily measurable thickness, and 
therefore, although the hand plane may not injure tlie general 
ti nth of the surface it will prevent the work from being so deli 
c itcly acted upon, as the continuance of the piocess now demands, 
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a smoothei hand file is consequently alone employed in fuithei 
mg the work 

If the piece of cast lion should have been turned m the lathe, 
01 planed m tl e planing machine, instead of having been 
wrought entirely with the chipping chisel, plane and file, the 
formei instructions would be uncalled for, as the remaining 
steps alone would remain to be followed Unless, indeed, the 
work had been so impelfectly fixed as to have been stiamed, and 
thence become distoited, on being leleased fiom the machine 
on the latter supposition the grosser enois would probably re 
quue correction with the bastaid file, befoie the smooth file 
could be judiciously used 

The necessity of the coni ex foim of the file will now be ren 
dered most striking as weie the file absolutely flat on its face, 
it would be scaicely possible to reduce with it any small and 
isolated spot that might become coated with the red chalk fiom 
off the planometei, but as the file is a little lounded any pre 
cise spot on the woik may be acted upon, as the end of the file 
may be pressed with the fingeis of the left hand on the exact 
spot to be reduced, whilst the lemamder of the file is held just 
out of contact with the lest of the surface 

When, howevei, the points of bearing become numeious, the 
file cannot even thus be managed with sufficient discinmnation, 
and notwithstanding the best effoits it will act on too laige a 
pait and theieby lengthen 01 it might be said altogether to 
pi event the complete conection of the woik, because the file is 
not sufficient!} undei contiol Before the file has assumed this 
questionable tendencj, it is politic and usual as a measure of 
economy to discontinue the use of the file and to prosecute the 
woik with a scnpei which having a sliaip edge instead of abroad 
and abrading surface, may be made to act with far nioie decision 
on any, even the most minute spot 01 point A worn out tnangu 
lar file, ground at the end on all the faces, so as to make thmkeen 
edges, is generally used as the sciapei this should be keenly 
shaipened on an oil stone, so as to act without lequiringmuch 
piessuie, which would only fill the woik with stiise or utters 
The continual 1 eduction of all the points which lie sufficiently 
pi onunentto pick up the colouring mattei fiom the planometer, 
is now peisevered in with the sciapei instead of the file, and pre 
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cisely m the same manner except as legalds the change of the 
tool, and if the process have been caiefuUy peiformed tinongh 
out it v ill be found at the conclusion that if the work and piano 
meter aie both wiped clean and xubbed haul together, that the 
high points of the woik will be somewhat burnished, giving to 
the woik a finely mottled chaiactei 

In pioducmg metallic suifaces the constant effoit should be 
to reduce all the high places with as much expedition ns ciicum 
stances will admit but ivoiding, on the othei hand, that encigetic 
use of the tool which may too hastily altei the condition ol the 
suiface and m expunging the known eiiors, induce otheis equ il 
m degree but differently situated Throughout the work ittempt 
should be made to keep the points of bearing whcthei few or 
many, as nearly equidistant as maybe, instead of allowing them 
to become grouped together m laige patches 

In respect to the tools theie should be a gradual diminution 
m then cutting poweis and xlso of the vigour with which they 
are used as although eneigy is wise at the commencement of the 
woik, it should gradually subside into watchfulness and ciution 
towaids the conclusion I he periods of iltemation between the 
hand plxne and the file and also the times when these aie sue 
cessively 1 ejected m fixoui of tlic scupei as the finishing tool 
must be m gieit mexsuic loft to the judgment of the opcrxtoi 

llicie should he a lie quant cxamin ition of the woik by means 
of the stiaight edge md plmomctei, which litter should at all 
times be evenly tinted with the coloui At the commencement it 
is necessai} the coating of red stuff on the planometei should he 
moderately abundant so as to mail even those place s which aie 
minutely distant, but with the continued application of the woik, 
the coloui mg matte 1 will be gradually xemoved from the piano 
metci, and which is dcsuable as towards the conclusion the 
quantity of icd should he small, so as but fnntly to muk the 
summits of each little eminence, the numbci md equality of 
which uc dependent on the perfection of the planometei, and 
the steady peisevenng watchfulness of the opeiatoi 


It is not to be supposed that it is m cveiy cxsc needful to 
pioeecd in the eaicful and piogiossive mode just described, as 
the paits of different woiks lequuc widely diffuent dcgiets of 
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peifection as to flatness For instance, m many it is only neces 
saiy they should be clean and bnght md have the semblance of 
flatness, with such even the stiaight edge is little if at all used as 
a test Those suifaces by which the stationaiy paits of fiammgs 
are attached, require a model ate degiee of accuracy, such as may 
be compaiable with the perfection m the hewn stones of a budge 
01 other massive edifice, which requne to be flat m order that 
they may beai fairly against each other as without a certain 
degiee of tiutli the stone might break fiom the unequal strain 
to which it would be exposed 

The flat parts of metallic woiks, if similarly imperfect, would 
bend and peihaps distoit the remainder but although it is of 
great importance that beaung surfaces should be out of winding 
or not twisted, it is by no means impoitant that such bearing 
surfaces should be continuous, as a few equally scattered beanng 
pointsfr equently suffice 1 lms it was the common piactice before 
the geneial introduction of the engineers planing machine, to 
make fillets or chipping places around the margins of the bearing 
sui faces of castings which fillets alone were collected with the 
chisel and coarse file foi the juxtaposition of the larger pieces 
oi frame work of mickmes, the intermediate spaces being left 
depressed and out of contact This mode sufficed, provided the 
pressure of the screw bolts could not, by collapsing the hollow 
places distort the castings, with which view chipping places 
weie also generally left around the bolt holes of the work, this 
method gieitlv reduced the labour of getting up such works by 
hand but fillets and chipping places are now m a gieat measure 
abandoned Smaller and more delicate works, requiring some¬ 
what gieatei accuiacy than those just descubed are left fiom 
smoother files but m most cases without the necessity of 
scraping but the lectihnear slides and moving parts of accu 
late machinery, and the tnal oi surface plates of the mechr 
mcian lequne bejond all othei woiks the most dexterous use 
of the file and other means from which it is again repeated 
grinding should be entnely excluded 


Until very recentl} when the points of beanng had been so 
multiplied b} the file md scinpei as not to exceed about h ilf 
an inch m average distance, and tint a still higher degiee of 
accuracy was desired, it was the oidinuy piactice to attempt the 
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obliteration of these minute eirois by the method of gnnding 
Supposing only one piece or surface to have been required it 
then became necessaiy to gnnd the work upon the planometei 
itself but to avoid the necessity of so injurious a practice, it was 
usual when practicable, to make three similar pieces at one 
time, m order that, when all three had been separately filed and 
sciaped to agiee pretty nearly with the stiaight edge and piano 
meter the three pieces might then be mutually employed mthe 
correction of one another, by grinding the faces successr\ely 
together with emciy powder and water 

The one piece was laid down horizontally, wetted all over with 
water and then stiewed with emery powder, aftei which, one of 
the other surfaces was inverted upon it, and rubbed about m 
vanous ways with longitudinal, lateral, and curling or circulai 
strokes on the supposition that as the two pieces came into contact 
respectively at their highest points, these highest points became 
mutually abraded with a tendency to reduce them to the general 
level Aftei a short penod the top suiface was lemoved freslr 
emeiy and water weie applied and the thud suif ice was lubbed 
upon the fust after which, ill three weie variously inter changed, 
by placing eveiy one in succession as the low ei sui f ace, andr ubbmg 
the two otheis upon the lowei until it was considered fiom the 
imifoim but deceptive grey tint thus pioduced, that the cnois 
m all were expunged, and that the throe surfaces were all tiue 
It is,liowevci, considered quite unnecessary to enter more into 
detail on a piocess tli it m ay be considered to be nearly obsolete, 
as lcgaids the production of plane metallic surfaces, especially 
as at a future part of this Volume, the practice of grinding will 
be noticed in lefcience to surfaces requning inferioi exactness 
and consisting of materials that do not admit of the employment 
of the file and scr apex 


I hat two surfaces winch are veiy newly accurate if ground 
together foi a va ij bhoit time , do m some dcgice concct each 
other is true, but it lias been long and well known that a con 
tmuancc of the grinding is veiy dangerous, and apt to lead the 
one suiface to become convex, and the other concave in a ncaily 
equal degree, and on this account three pieces were usually 
operated upon that the third might act as in umpire, as although 
two pieces possessing exactly opposite cuors may appeal quite 
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to agiee, tlxe thud cannot agree with each of these two, until 
they have all been made alike and quite plane surfaces 

But the entire piocess of gunding although apparently good 
is so fraught with unceitamty, that accurate mechanicians have 
long agieed that the less grinding that is employed on lectilmeai 
works the bettei, and Mr Whitworth has recently shown in the 
most satisfactory mannei * that in such works gundmg is 
entirely unnecessary and may with the greatest advantage be 
dispensed with as the fuither prosecution of the scraping piocess 
is quite sufficient to lead to the limit of attainable accuiacy, the 
only condition being that the mode of continually referring the 
work to the planometei and sci aping down the points sufficiently 
high to be colouied, should be steadily peisevered m, until the 
completion of the process and v oil s thus treated assume amueh 
higher degree of excellence than is attainable by gnnding 

Mi Whitwoith stated a fuithei and equally important ad van 
tage to result from tl e discontinuance of grinding as regards 
the slides and mo\mg paits of machinery Some of the grinding 
powder is always absoibed in the poies of the metal, by which 
the metallic suifaces aie converted into species of laps so that 
the slides and woiks cany with them the souices of their depre 
ciation and even destiuction The author's pievious expenence 
had so fully prepared him foi admission of the soundness of these 
views, that m his own workshop he immediately adopted the 
suggestion of accomplishing all accurate rectilineal woiks by the 
continuance of sciapmg, to the entire exclusion of grinding 

SECT V—INSTRUCTIONS FOR ORIGINATING STRAIGHT EDGES AND 
TRIAL PLATES OR PLANOME1ERS 

Theiemaiks hitheito offeied on producing a fl it surf ice wei e 
based upon the supposition that the opeiatoi is m possession of 
a good straight edge and a good suifice or planometei, and 
which is usual under oidmaiy cncumstances, but it maybe con 
sideied necessaiy that the more difficult case should be placed 
before the leader, of originating the planometei itself, by which 
alone can he rendei himself independent of external assistance 
the previous observations will greatly abudge the description 


* In a Paper read befoie the Bntish Association, foi the Ad\ incemont of Sc u nc< 
Glasgow 1S40 
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First , to originate a stiaight edge -—In origin itmg a stiaight 
edge it is judicious to piepare the ground, so far as possible, 
with the means possessed by every joiner , and accordingly 
thiee pieces of haid straight giamed mahogmy should be hist 
planed as straight as possible with the joiners plane Calling the 
thiee pieces foi distinction A B and C when they aie com 
paied, A and B may appeal to agiee eveiywheie even when one 
of them is changed end for end this shows A and B to be either 
both sti right or else the one concave, the other convex but C 
may be unlike either of them C is then adjusted also to A md 
will therefore become a duplicate of B but when the duplicates 
B and C are compared it may be found that they touch m the 
middle, and admit light between them at the ends, showing each 
to be convex The central parts both of B and C, which are 
enoneousin the same direction, are then each 1 educed m a neaily 
equal degree, until m fact the transmission of light is prevented 
throughout their length, even when they are reversed and by 
which the condition of each will be somewhat improved 

Next to ascertain whether B and C, when thus improved, are 
each pretty neat to the truth I he thud or A, is fitted to B, 
making A and B as neaily as may be, counterparts of one 
another and if A, when thus altered, should also agree with the 
thud or C all aie true but this can scarcely yet be stnctly the 
case And the routine is therefore continually repeated of 
reducing m an equal degiee the two which may show evidence 
of being neaily alike, (either both convex or both concave,) and 
then by fitting the thud to one of the corrected two, as a test by 
which to tty if they not alone agiee with each other but like 
wise agree with the thud, or the test, as the work can only be 
perfect when all three admit of being compared without any 
want of cont ict being observable in any of the three comparisons 
If the trying plane is carefully manipulated, the thiee pieces 
will, m three 01 four repetitions of the senes of operations 
become as neaily accurate as the nature of the tools and of the 
method will admit, and then, either the best of the three 
wooden straight edges or all three of them, may be used as the 
preliminary test m making the steel straight edges * 


* The more common practice of the joiner is to operate upon only two pit cos 
each of winch is first pi med until they agree together when placed tdyo to e iye m 
the culinary mmna, or m one plane The two pieces aie now placed side by mh 

1 I 
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Sometimes the metal straight edges are wide strips cut off 
from a sheet of steel of hard quality, if forged from a bar of 
steel, the hammeung should be continued until the metal is 
quite cold to render it haid and elastic , and m some instances 
the straight edge, when partly finished, is hardened and tempered 
before its edges are completed In all cases if the one edge is 
to be chamfered, this should be done m an eaily stage, as it is 
very apt to tlnow the woik crooked and the sides are always 
filed, or otherwise finished, before an} gieat progress is made in 
correcting the edges When three straight edges are made at 
one time, the three are generally united by temporary pms 
through their ends to make one thick bar, and are then coriected 
m the mass as the first stage 

The work having been thus far prepared, the wooden straight 
edge is rubbed with a dry lump of red chalk, that it may leave 
evidence of the points of contact A coarse file is fiist used, and 
it may for a time be assisted by the hand plane , the size and 
length of the file are gradually decreased, and after a time it 
will be found that the wooden straight edge is no longer suffi 
ciently delicate to afford the required test When all three of 
the steel stiaight edges have been brought collectively to a state 
of approximate truth, they are separated and wrought the one 
from the other, precisely m the same older that was described 
m reference to the wooden straight edges but as on the steel a 
veiy small and smooth file may be used the process of correction 
may be earned with the file much highei upon steel stiaight 
edges, than upon metallic suifaces In addition to the mode of 
examining stiaight edges by the tiansmission of light they aie 
also compared by laying them two at a time upon a true bench 
01 surface and rubbing them together without colouring m itter 
the high places will then mutually lub each other sufficiently to 


and their edges are placed m agreement at the extremities so that the fingers 
passed transversely across their ends cannot feel any want of continuity of suiface 
m other words cannot feel the joint If whilst thus placed the joint is also m 
appreciable to the sense of touch at vanous intermediate parts of the length of 
both pieces the work is correct and the two are straight 

From the very pi ecise action of the trying plane the wooden straight edge may 
perhaps he equally well piorluced by the methods leqiming either two 01 three to 
he made but the method of making three at once is given m the text because it 
is always followed m metalworks m consequence of the different nature of the 
working tools and of the abstiact superiority of the method 
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leave a small degree of brightness, that may be easily obseived 
on a careful sciutmy, and as both edges of every straight edge 
aie commonly wiought, the investigation becomes amplified and 
impioved fiom there being six comparisons instead of three 

A little gnndmgis sometimes lesoited to m completing steel 
straight edges it is less objectionable with steel than with cast 
iron and other metals which are softer and also mote porous than 
steel but the piocess of grinding being very difficult of control 
is not desnable, and as veiy small files may be used and with 
nice discilimnation m coirectmg straight edges, the sciaper 
although useful here likewise, does not present the same 
importance as m correcting wide suifaces or planometers 

Secondly , to oiigmate a surface plate or planometei —This 
process requires that the opeiator should be m possession of at 
least one very good straight edge , one of a series of thiee that 
have been accurately tested m the maimer just descubed I he 
present case also demands like the last, that three pieces should 
be opeiated upon, m older that the same correctional method 
may be brought into effect 

JLhe planometer should be a plate of hard cast iron having nbs 
at the back to prevent its bending either fiom its own w eight, 01 
from taking an unequal bearing on the bench 01 othei support 
Generally a deep nb extends around the four mu gins of the 
planometer and one two 01 more inteimediate and shallowei 
ribs are added, which divide the back into xectangulai compait 
ments, as m fig 865 , this planometer would rest upon the bench 
around its edges, 01 on four prominent points at the comers 
represented black It has been recently proposed by Mr Wlnt 



worth, that the nbs should be placed obliquely and made to con 
verge to thiee points of bearing, as in fig 806 , which is a much 
better plan as the planometer is then at all times supported on 
precisely the same points notwithstanding the inequality of the 
bench which can scaicely be the case when foui feet are used 

3 l 2 
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The handles are added at the ends, that the planometei may be 
readily inverted, m older that it maj he applied upon such 
heavy works as it would be inconvenient to lift, and then imme 
diately replaced on its feet when returned to the work bench 
In the absence of the planing machine, the three castings for 
the planometers would be chipped all over and roughly filed, and 
m this case the smiths plane for metal would render most 
important service for a considerable period A good wooden 
straight edge is now convenient as when rubbed with red clnlk 
it denotes the high places very effectively, and should be applied 
at various parts of the length and width, and also obliquely and 
indeed a small thick block of beech wood or mahogan}, planed 
•veiy flat as a surface and rubbed with chalk, will seive to hasten 
the process of obliterating the coarser enois 

In due time, the plane, the coaise file, and the wooden 
straight edge would all be laid aside, and the work would be 
prosecuted with a smoother file, under the direction of a met il 
straight edge, and which if coloured must be also greased to 
make the led matter adheie This part of the work may be 
earned to no mean degree of perfection, as a veiy collect judg 
ment of a plane surface can be obtained from a good straight 
edge applied in all dnections as the eye readily measures the 
comparative width of the line of light transmitted, and the 
fingers also appreciate, when the straight edge is slightly lotated 
01 nibbed sideways which points of the work aie the highest, 
and give rise to most fnction 

One surface which maj be called A having been corrected 
very carefully with the file and straight edge, may be now 
smeared with red stuff and oil and employed to hasten the 
correction of the second piece or B and the thud 01 C until 
these two are about as near to truth as the first, or A the tlnee 
are afterwaids mutually opeiated upon under the guidance of 
colouring matter At this stage of the work it will soon become 
necessary to discard the file m favour of the sciaping tool, m 
using which it will be found veiy convenient to remove b} a 
paper screen the glare of the blight metallic suiface, so as to 
enable the little patches of coloui to be more readily obseived 
The screen, fig 867 , consists of a small frame of wood eight to 
ten inches square, covered with writing papei, and attached to a 
small hoard the papei is inclined some ten dc giees towards the 
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operator, and at niglit a short piece of candle is placed m the 
centei of the board or pedestal as shown 

The thiee plates having been, as before observed brought into 
neai ly the same preparatory state it is to be now judged of by 
the straight edge whether all three are nearly alike or lean to 
the same land of emor Thus supposing the pieces A and B 
to h ive a toleiably equal disposition to convexitj^ or that when 
placed in contact thej rest m the center but fail to touch aiound 
the mnigm, then A and B aie each a little i educed in the middle 
until the tendency to lotate m the centei is gone A and B will 
be then each a shade neaier to truth than befoie The thud 
piece or C, is fitted to A, after which, supposing for a moment 
A and B to be each a true, or a plane suiface, C would become 
also a plane surface, and the task would be then completed 
Perfection is not, however nearly so easy of attainment, and it 
is almost ceitam that although A and B may be counterparts, 
they will not be planes presuming therefore that C has been 
fitted to A, it is almost ceitam that C will not fit B (This may 
be called routine One } 

Considering theiefoie that now A and C are the two most 
nearly alike, or that both ue proved to be con\ex these aie 
the two upon which an equal amount of collection is this time 
attempted until they become counteipaits or fit well togethei 
and the thud piece, 01 B, becomes the aibiter m this stage of 
the woik (This may be called routine Iwo) 

We will lastly assume that B, when altered until it fits C, does 
not quite fit to A, but that B and C present an equal departure 
fiom truth and are still both convex, then B and C aie altered 
m an equal degiee until they appeal to be peifeet counterparts 
and tins time A, when fitted to one of them, shows whethei the 
whole three aie planes or that two of the pieces are convex and 
one concave (This ma) be called routine Three) 

The method of companson will probably be lender ed somewhat 
more evident by the following tabulai view of the processes 
Routine One R outine Tw o Routi ne T hree 

A P Counteipaits A C Counterparts B C Counterparts 
C Aibitci B A 1 biter A Ai biter 

r JLhe inspection of tlie letteis m three routines will fmthei 
show, that eveiy one ot the tluee surfaces admits of companson 
■with the two otheis,and that theabstiact method is to fit togethei 
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those two which appeal to have the same error , by altering those 
two m an equal degiee, aftei which, the third piece when fitted 
to one of the other two pieces, incontestably pro\es whether all 
thiee aie planes as this cannot be the case until all three agree 
togethei m eveiy comparison The attainment of true planes 
will be found to require seveial repetitions of the thiee routines, 
but towards the conclusion mcieasing care will be continually 
lequired m ordei that no degeneiation may insidiously occur, 
to disappoint the hope of the piogiess towaids perfection being 
steadily on the increase 

This correctional piocess, which is precisely analogous to the 
mutual coirection of thiee stiaiglit edges is somewhat familiar 
to mechanicians but the piocess is obviously very much more 
tedious than the ongmation of straight edges on account of 
the g eat increase of the suiface to be operated upon, and the 
cncumstance that the quantity taken m excess from any pait, 
must be amended by reducing every othei pait of that surface 
m an equal degiee 

Foi the sake of simplicity it has been supposed throughout the 
description that the two convex pieces weie m each case selected 
for collection but this is immateiial, as the lesult would be the 
same if the two concave pieces weie wiought or the one and othei 
pair alternately, as cncumstances may accidentally suggest 

The thiee planometeis having been made as perfect as the 
skill and patience of the opeiator will admit, one of them should 
be carefully laid aside and only used m the most guarded mannei 
m the lepieduction of other planometeis, or the collection of 
those m geneial use which latter piocess will be found occasion¬ 
ally lequisite but the less fiequently so if the instrument is 
equally woin by rubbing the woik to he examined at all paits 
of the planometer, instead of upon the cent 1 ) al pat t alone And a 
tiue surface 01 standaid hiving been once obtlined it should be 
most sci upulously preserved, as it will be found veiy considerably 
less troublesome to copy a good standard, than to ongmate the 
thiee standards themselves from which the one is to be reset ved 

SLCT VI-INSTRUCTIONS 1 OR FILING RE CTILINLAR WORKS IN WHICH 

SEVERAL OR ALL O T THL SUPLRriCILb HAVL TO BL WROUGHT 

The former instructions have been restneted to the supposition 
that only one of the supeificies of the woik was lequned to be 
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made plane or flat, but it frequently happens m lectangular 
woiks, such as the piece AB C, fig 868 , that all six surfaces, 
namely, the top and bottom A, a the two sides B b and the two 
ends C, c all xequiie to be conected and made m rectangular 
anangement (the surfaces a, b c being necessarily concealed 
fiom view), anl theiefoie some paiticulais of the ordinary 
method ot pioducmg these six suifaces will be added and the 
foimei xemaiks on pages 500 to 503 on squaring thick andthm 
woiks m wood miy be also consulted 

llie genual ink is fiist to file up the two largest and pimcipal 
faces A and a, and afteiwai ds the smaller faces or edges B b, and 


Figs 868 



869 870 



C c The pimcipal faces A a especially when the pieces are 
thin mubt be proceeded with for a period simult meously, 
bee ruse of thelubility of all materials to spring and alter m 
then form with the pio&iessive removal of their substance, and 
on this account the work, whether thick oi thm, is frequently 
prepared to a certain stage it every pait, before the final correc 
tion is attempted of any one pait 

The straight edge and suiface plate aie lequirecl, to prove that 
each of the faces A and a is a plane surface, and the callipers or 
a similar gage is also needful to prove them to be m parallelism 
Callxpeis unless piovided with set sciews, are very liable to he 
accidentally shifted and it is needful to use them with caution, 
otherwise then el isticity ausing from the length of their legs, is 
apt to deceive Ihere aie gages such as fig 869 with shoit 
puallel jaws that open as on a slide, and are fixed by a side 
sciew and a still more simple and very sxfe plan, is to file two 
lectmgulai notches m a piece of sheet iron or steel as m fig 
870 , the one notch exactly of the finished thickness the work is 
requned to possess the other i little larger to seive as the coaise 
oi pxclimmuy gage 
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Sometimes the one face of the work, or A, having been filed 
moderately flat a line is scored around the four sides of the work 
with a metal marking gage, the same m principle as the marking 
gage of the joiner, fig 342 page 487 At other times the 
collected face A is laid on a planometer larger than the work, 
is represented, (neglecting the inversion,) and the marginal 
line is scribed on the four edges by a scribing point p fig 868 
projecting from the sides of a little metal pedestal that bears 
tiuly on the surface plate 

Chamfers or bevelled edges are then filed around the four edges 
of the face a exactly to teimmate on the scribed lines the central 
pait of a can be reduced with but little watchfulness, until the 
maigmal chamfers aie nearly obliterated This saves much of 
the time that would be otherwise requned for investigating the 
pi ogi ess made but towards the last, the callipers and planometer 
must be carefully and continually used, to issist m rendering A 
and a-, at the same time parallel and plane surfaces 

The two puncipal edges, B b are then filed undei the 
guidance of a square , the one aim of the square is applied on 
A or a at pleasure as in jomeiy work, or if the square have a 
thick back, it may be placed on the planometer, as at s, fig 868 
if piefeired, the work may be supported on its edge B upon the 
planometer, and the back squaie also applied, as at s m which 
case the entire length of the blade of the square comes into 
operation, and the irregularities of the plane B, aie at the same 
time rendered obvious by the planometer 

Anothei veiy convenient test has been recommended for this 
part of the woik—namely a stout bar such as r, fig 868, the 
two neighbouring sides of which have been made quite fl it and 
also squaie with each othei When the work and tnal bir (oi 
lectangulometei) are both laid down, the one side of the bar 
presents a tiuly peipendrculai face, which may bj the intei ven 
tion of colounng matter, be made to recoid on the woik itself the 
points in which B diffeis fiom a rectanguln and vertical plane * 
When the edge B has been rendered phne and squaie, the 
opposite edge 6, may m its turn be marked either with the 
gage or scnbmg point at pleasure , the foui edges of b may be 
then chamfered and the entire surface of b is afteiwauls coi 
iected (as m p roducing the second face a) under the guidance 
* See Smith, s Panoiama of Science vol i page 30 
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of the square, callipers lectangulai bar, and surface plate, or 
some of these tests 

I he ends C c now claim attention and the maigmal lme is 
scribed around these by the aid of the back square alone but 
the geneial method so closely lesembles that just descubed as 
not to call for additional paiticulais 

Should one edge of the woil be inclined, or bevelled, as mthe 
thiee followingfiguies, m which the woiks aie shaded to distm 
guish them fiom the tools the rectangulai parts aie always fiist 
wrought, and then the bevelled edges, the angles being denoted 
by a bevel instead of a squue either with a bevel having a 
moveable blade, as in fig 871 01 b) a bevelled templet made of 
sheet metal as m figs 872 oi 873, wlimh lattei cannot get 



misadjusted The bevelled edge of the woik, is also applied if 
possible on the planometei m fact the planometer and bevel 
aie conjointly used as the tests Bevelled woiks ai e either held 
in the vice by aid of the chamfer damps fig 855 page 859 oi 
they aie 1 tid m wooden troughs, with grooves so inclined, that 
the edge to be filed is placed honzontally Inangular bars of 
equilateial section aie thus filed m tioughs the sides of which 
meet at an angle of 60 degrees, as m fig 874 

I he succeeding examples of woiks with many plane suifaces 
are objects with lebates and giooves as repiesented mfigs 875 
to 878 Pieces of the sections 875, and 87G, supposing them 
to be short would m geneial be foimed m the solid, eithei 
fiom foigings oi castings, as the case might be, the four 
extenoi and moie accessible faces would be filed up squaieand 
true, md aftuw ucls the mtenoi faces, with a due icgai cl to their 
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parallelism vith tlie neighbommg paits, just aftei the mode 
alieady set foitli The safe edge of the file is now indispen¬ 
sable as in filing the face b the safe edge of the file is allowed 
to mb against the face a of the woik and which theiefoie serves 
foi its guidance and m filing the face a the side b becomes the 
guide for the file The groove m fig 876 requnes a safe edge 
squaie file 

When however pieces of these sections but of greater 
lengths, have to be pioduced by means of the file alone it is moie 
usual to make them m two 01 three pieces lespectively as shown 
detached in figs 877 and 878, and which pieces aie first ren 
dered parallel on their several edges and aie then united by 
sciews and steady pins , or rithei, they are united before being 
actually finished, m order that any little distortion oi displace 
ment occumng in fixing them together may admit of collection 

In works of these lands which ha^e rebates, grooves, internal 
angles, or cavities, the squaie, with a sliding blade, shown m 
fig 876, is veiy useful, as the blade selves as a gige foi depth 
besides acting as a squaie the one aim of which mxy be made of 
the piecise measuie of the edge to be tried This instrument is 
often called a turning squue as it is particularly useful foi 
measuring the depth of boxes, and other hollowed woiks turned 
m the lathe 

In making straight moitises, as at u, fig 879, unless the 
groove is roughly foimed, at the forge oi m the foundiy, it is 
usual to drill holes neaily as laige as the width of the moi tise, and 


s 




ill a straight line, the holes are then thrown into one anothei by 
a lound file, oi a cross cutting elnsel, and the sides of the moitise 
aie lfteiwcirds filed squaie and true 
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For a circular moitise c c , the mode is just the same, with the 
exception that the holes aie made on a cnculai line and that, 
instead of a hat file being used throughout, a half lound 01 a 
ciossmg file is used for the concave side of the mortise 

Shoit rectangulai moitises 01 those which may be lathei con- 
sideiedto be squaie holes as m fig 880 would if large be pie 
paied by forging 01 casting the matenal into the foim, and then 
the six exterior frees having been collected, the apeiture would 
be filed on all sides undei guidance of some of the vinous tests 
befoie lefeued to And m such a case it is convenient to employ 
a small squaie $ m the form of a right angled triangle to which is 
attached a wire that may seive as a handle, whereby thesquue 
ma} be applied at any pait within the moitise without the sight 
ot the workman being mteicepted by Ins own fingers Some 
times also a cubical block filed tiuly on four ot its faces to the 
exact dimensions of the apeituie, is used as a measure of the 
paiallelism and flatness of the foui mtenor faces 

These miscellmeous examples of filed works with plane sui 
faces will be concluded by otheis of somewhat fiequent occiu 
rence and m which different tools aie judiciously employed in 
conjunction with files ihe method fiist to be described is one 
that is considerably used m thick pieces of metal, for making 
holes differing from the cnculai form such as squaie hexagonal 
tnangulu elliptical and otliei holes by fiist drilling a round 
hole xnd then enlarging and cli urging the section of the cnculai 
hole by a taper punch, better known as a dn/£, which tool is 
made of steel, and exictly of the same section as that requned 
m the hole, the daft is hardened and tempered befoie use 
The dnft for a taper squaie hole is made as m fig 881, or 
simply as a squaie pyiamid, considerably longei than the hole 
required a lound hole is fiist chilled m the work, just laige 
enough to admit the small end of the clnlt which is then dn\en 
m its angles indent and force out the metal, making it fust like 
the mrgmfied lme m and ultimately exictly squaie, unless by 
mist ike the hole weie chilled too large, when the cnculai paits 
would not be quite obliteiatecl If admissible the endlong blows 
on the dnft aie mingled with a few blows on the sides of the 
woiL, as xt b b or parallel with the sides of the dnft, which cause 
the metal to idxpt itself more leadily to the tool Ihe dnft 
must not however be used too violently, foi as it acts as a 
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sredge it maj burst open the woik and which lattei is therefoie 
nostlj left stioiigand loughbefoie beingdnfted and genelally, 
schen the angles have been somewhat indented, they me partly 
Lied out and completed by the alternate employment of the file 
md drift, the maiks made by the latter serving continually to 
ndieate the paits to be removed with the file 
Taper scjuaie holes such as those in the chucks for drills, are 
nade with some facility The chuck is fiust dulled on its own 
nandiel and the drift is put m the foui different ways in sue 
ession, that the enois incidental to its form mxy be scattered 
md lost, the chuck is also placed on the mandiel at intervals, 
vith the diiftm its place, that the drift may show as it 1 evolves, 
yhethei or not the hole is concentnc When it is requned 
hat the dnfted hole should he parallel instead of tapei the drift 
s made as m fig 883 that is, parallel foi a short poition in the 
niddle of its length, aud the extiemities alone aie tapeied so as 
o make the tool smaller at each end the work is theiefore fiist 
radually enlaiged to admit the laigest part of the dnft and the 
iaiallel part is then duven through the woik and renders the 
unei suiface of the same a true counterpart of the drift if proper 
me have been taken In some few cases, the sides of the dnfts 


Pigs 881 882 883 



When drifts are used the process of working is often leveised, 
’ ^ ie interior suifaces are completed "before the extenor The 
)les are fii st dnfted whilst the woik is larger than its intended 
ze, and afterwaids the extenor part is hied 01 turned, as the 
semay be, from the hole, that is the hole (sometimes filled with 
e drift,) is made the basis of the meisxuement of the extenor 
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poitions of the woik Frequently as m a squue waslier the 
dnft itself, or else a squaie aibor of similar foim, with a center 
hole at each end, is made to seive as the chuck by which the 
woik is placed m the turning lathe for completion 

In the concluding example of tins section, that of making by 
hand the 1 ey wi}s m the round holes of wheels it is to be 
obsened that it is common to turn a cjhndncal plug exactly to 
fill the hole xnd to make a notch m the plug as wide as the 
intended ke} way and parallel with the axis the plug is shown 
at g fig 888 A piece of steel/ is then filed parallel and exactly 
to fit the notch and its edge is cut as a file and used as such 
within the guide block, the lattei being at the time inserted in 
the hole of the wheel In this case the block becomes the 
dnectoi of the file and the notches m any number of wheels aie 
made both parallel and axial and the only precaution that le 
mams to be observed is m the depth of the notches, and this is 
not always impoitant the depth may howe\er be readily deter 
mined by making the grooves at first a little shallower than 
their intended depth and then, the plug having been removed 
fiom the hole a stop is attached to the side of the file panllel 
with its edge as at $, to prevent its penetrating beyond the 
assigned depth 

The method of cutting key ways m large wheels that was 
frequently employed pnoi to the introduction of machineij for 
the purpose wis as follows Supposing the wheel to have been 
bored with a three inch hole and to have required a key way 
half inch wide and half mclr deep The guide block g fig 884, 
ot tlnee inches diameter, would have had a gioove say half inch 
wide and one inch deep, and a cioss cut chisel c exactly to fill 
the groove would have been made The chisel having the same 
section as the groove, when dnven through would produce no 
effect, but if a piece of sheet steel s, T V thick, weie laid at the 
bottom of the gioove the chisel would then cut a groove h ilf 
inch wide and T V deep, and if two, three, four, and ultimately 
eight such strips were successively employed together, as m the 
section and detached views, fig 884, the hole would be accurately 
chiselled out by the repetitions of the process The hole would 
requne to he finished with a parallel thick file, called a key way 
oi cottei file, which lias already been desenbed on page 822—3 
of the piebont volume 
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SECT vn INSTRUCTIONS EOR FILING CURVET INF AR WORKS 
ACCORDING TO THE 1HREE ORDINArY MODES 

The curvilineai suifaces of woiks aie commonly of less mi 
portance than the plane suifaces neitliei do they in geneial 
require the same skilful use of the file especially as the moie 
important cuived lines and suifaces m machineiy aie cnculai 
and aie therefoie produced m the tinning lathe, and ol the 
remaining curves the majority aie mtioduced either to give a 
more pleasing outline to the woiks than would be obtained by 
straight lines, or to obliterate the numeious angles that would 
be inconvenient to the hands 

In filing woiks that are convex flat files are always used and 
the file is neeessanly applied as a tangent to the cuive, and in 
filing concave works round and half round files aie used andm 
some cases thej aie selected, neaily 01 exactly as counterpirts of 
the hollows to be wrought 

The manipulation of the file upon ciuvihnear worksis entnely 
different from that requiied to pioduee a plane suiface m which 
latter case the work is held at rest and the hands aie moved as 
steadily as possible in light lines but m filing cuived works an 
incessant change of dnection is impoitant and so fai as piacti 
cable, either the file or the work, is made to lotate about the 
axis of the curve to be produced 

A semicncular groove of half an inch ladius as in fig 885 
would be most easily filed with a round file of nearly the same 

885 886 sa-r 
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curvature, and the correspondence between the file and work, 
and consequently of their axes likewise would lender the m itter 
very easj but the file fiom the uregulanty of its teeth, would 
leave ridges m th6 woik, unless m every stioke it were also 
twisted to and fro axially by the motion of the wrist, and occa 
sionally in the reverse direction, so that the funows made by the 
teeth might cioss each othei If the gioove to be filed had a 
diameter of three or four inches although the file might be 
selected to correspond m curvatuie with the groove, as it would 
not embrace the entile hollow, the twiotmg and traveismg of the 
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file would be imperative in order to arnve at all parts of the 
woik 

Under ordinary circumstances it is certainly best that the 
cuivature of the file and work should agiee as nearlj as possible, 
but it is obvious that the file if more convex than the woik can 
only touch the lattei at one part, as at a fig 886 wheieas if 
the file is less convex, or fl ittei, th in the woik it will act at two 
places as at b b fig 887 JLhe Sheffield cutleis m filing out 
the bows of scissors, and which they do with gieat rapidity 
always avail themselves of this cucum&tance and until neaily 
the conclusion, use files flatter or less convex than the woik 

In filing concaie woiks, there is but little choice of position, 
as the file is always parallel with the axis of the curve, as m the 
dotted line m fig 888 but m convex woiks such as fig 889 the 
file may be applied either parallel with the axis as at p p or 
transversely thereto as at t t In general however the woik 
would be fixed obliquely as m fig 890, and the file would be first 



used ttansveisely for some one or two stiokes at an inclination 
of about 30 degiees with the horizontal line as at a, so as neaily 
to agree with the stiaiglit side of the object the file would be 
successively raised to the horizontal and depressed m the same 
degree on the other side, m fact proceeding through the positions 
ale, fig 890 at some eight or ten intervals and whrch would 
tend to make as many insignificant ridges upon the work The 
ridges would be then melted together by swinging the hands 
from the position a to cm every stroke to be repeated a few 
times, but as the entire semicncle could not be embraced at 
one stroke, the work would be re fixed m two oi more positions, 
so as to divide the operation into about thiee stages 

A more exact although less eneigetic method would be to 
place the file paiallel with the axis as on p p fig 889, and to 
sweep round the curve principal^ by the twisting motion of the 
wnst which joint can be more re idily moved, and also with less 
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fatigue, than the two hands conjointly A third mode frequently 
adoptedm such small pieces as can be held upon the filing block 
with the hand vice, is to swing the work upon its axis and to 
use the file witn the right hand, as if on a flat surface, a mode 
explained m fig 858 page 862 

Some woiks aie curvilinear m both directions such as curved 
aims and levers with rounded edges many of these kinds aie 
completed by draw filing them oi rubbmgthe file sideways or later 
ally around the curve instead of longitudinally as usual but the 
changes consequent theieupon do not require anj especial notice 
The success of all the modes of filing cuned woiks, will be 
found very much to depend on the freedom with which the several 
twisting and excuisive motions of the hands aiepeiformed and 
the woik should be fiequently examined, m ordei that the eje 
may judge of the paits m excess and that require to be reduced, 
m ordei to pioduce a pleasing outline 

Having considered the general manipulation of the file in 
respect to cui ved works it remains to be noticed that curvilinear 
objects are filed up m different modes dependent on their 
lespective forms and characters Thus the great majority of 
curbed woiks are moulded and foimed prior to the application 
of the file, which is then principally used to smooth and brighten 
them—other woiks are shaped almost entirely with the file, 
assisted by outlines drawn on the pieces themselves—and again 
other works aie shaped with the file under the guidance of tem 
plets or pattern plates of liaidened steel Some observations 
will be offeied on all three of these modes 

Fustly curved woiks that are moulded or foimed prior to the 
application of the file —The methods employed in the prepaia 
tion and figuiation of niatenals into curvilinear and other foims 
by founding and forging have been largely considered m the 
first volume and fiom which i emaiks it will have been seen, that 
the perfection of cast woiks greatly depends on the perfection of 
the foundiy models or patterns, and these latter greatly depend 
on the facilities offered m pattern making by the turning lathe, 
and the joiner s planes, and although such castings m many 
cases do not admit of being finished m the lathe, the per 
fection of the pattern is a great source of embellishment and 
economy, m the configuration of the works made by moulding 
and cisting 
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In lespect to filing up metal woiks that have been accuiately 
shaped by founding or foigmg little or nothing remains to be 
added to the lemaiLs on the last page as the only object is to 
act on every pait of cui vilmearsuifaces m the most expeditious 
and commodious manner with the geneial aim of reducing any 
ti filing eirois of foim that ma} already exist m them, and avoid¬ 
ing the introduction of new ones which circumstances call for 
the frequent sciutin} of the eye and an incessant yet judicious 
vamtion m the position of the hands 

Secondly cuived works that are moulded or formed almost 
entnely with the file —These are blocked out square, and the 
outlines of the cuives aie diawn on the ends and sides of the 
pieces, to guide the file in a manner analogous to the routine 
pm sued bj cai penters, m isons and othei artizans Foi instance, 
to foim i bead, as m fig 891, the work is piepared of a nearly 
lectangulu foim and the half circle having been dr iwn at each 
end the angles of the woiks are coaisely removed at about 45 



degiees, mal ing the end a semi octagon sometimes the four 
angles aie faither reduced giving to the woik eight facets prior 
to then being thrown togethei m making the geneial curve If 
these sides aie made with only a veiy model ate degiee of exact 
ness, they will greatly tend to pieseive the umfoimity of section 
thioughout 

Manj woikmen when they have removed the two puncipal 
angles at 45 degiees will make a chamfer entirely around the 
semicncle at each end, to guide the file m hastily i educing the 
puncipal bulk of the matenal, until the chamfers are nearly 
obliterated, after which the curve is finished m exact agieement 
with the lines with a smooth file It is also desnable that the 
stiaight edge should be frequently applied along the axis of the 
cmve, at various puts, dm mg the piogiess of the v\oik 

Should the entne piece fig 892, have to be made from a solid 

\ JVL 
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block, two cuts a and b mnde with the saw would lemove the 
coinei, and a little filing would then suffice to complete the 
internal angle The round part of the bead would be made as 
before and previous to filing the hollow it would be chamfeied 
on the line c a half round file, of less cuivature than the hollow 
itself would be hist sunk in the middle of the chamfer and the 
hollow would be deepened and extended sideways, always mam 
taming an easy cuive, until it leached the marginal lines wheie 
the hollow meets the plane surfaces This mode is better cal¬ 
culated to avoid the accidental obliteiation of the angles of the 
woik, than if the file weie sunk at each margin 

Wheie hollows run on to light lines as at a fig 893, there is 
some risk of making a bi eak m the j unction either fi om the cuive 
sinking below the light line as at b 01 fiom the straight line 
as at c advancing too fai and bieakmg m upon the curve On 
this account a b eak 01 fillet is usually made at the part as at d 
or else it is usual pnmanly to give that foim, by filing the flat 
fiist and then sinking down the hollow just to meet it, and at 
the conclusion letting the half round file run a little way on to 
the light line Some howevei piefei the opposite course, 01 that 
of sinking the hollow to its full depth and then filing down the 
remamdei with the flat file but which mode is ceitunly attended 
with moie risk 

Thirdly cuived woiks that aie shaped with the file undei the 
guidance of templets or pattern plates of haidened steel —This 
mode is much followed m woiks of two principal kinds namely, 
thm works requned m great numbeis and piecisely of one 
form, and m a variety of woiks that requne to be exactly 
circular although they ma) not admit of being so fashioned 
m the lathe 

Many thin woiks of the fiist kind are stamped or punched out 
of the sheet metals, as foi instance the wishers foi machinery 
the links of jointed chains steel pens paits of locks for joinery, 
and numeious other tlnn woiks but many objects of larger 
kinds, and that are not wanted m such laige numbeis are not 
stamped,but are either cast 01 cutout with the shears and after 
wards filed between templets Instances of such woiks are occa 
sionally met with m the numerous class of machines for spinning 
and wearing, cotton, silk and wool and also m lace and stocking 
machinery The mathematical instrument makeis likewise 
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employ the mode to a considerable extent in works that require 
much repetition 

The snail wheel of a striking clock, fig 804, is frequently thus 
formed, by means of a templet it has an edge foimedin twelve 
steps, inanged spirally the positions of which determine the 
numbei of stiokes of the hammer on the bell In this case, 
which will serve as a general example a piece of sheet steel is 
cutout flattened and smoothed on one side, to receive the di awing 
of the snail wheel and a second piece is also piepared The two 
are first drilled together with a cential hole, and another hole as 
distant from the center as admissible The two plates are then 
united by two pius and the outline of the woik having been 
drawn on one of them they aie next filed in steps carefully to 
the lines and squaie across the edges and they aie afterwards 
hai dened and slightly tempered to lessen then liability to fractuie 
on being pinched in the vice The dozen or more snail wheels 
having been cast or cut out of sheet biass, and flattened with the 
hammer two or thiee at a time are pinched alongside one of the 
templets whilst the two pm holes aie made with the bieast drill 
or in the lathe with a drill that exaetlj fits the holes in the 
templets It only lemams to place the dozen plates between the 
templets keeping them m position by tv o pins extending thi ough 
the whole number and then all the notches aie filed m the biass 
plates until the file very neatly touches the steel patterns as 
absolute abiasion on the steel itself would greatly injure the files 
In this mode the several biass plates become very exact copies of 
the pattern * 

A diffeient application of templets is sometimes met with m 
filing up numerous similar parts in the same object, as the arms 
or crosses for the wheels of clocks and other machines The exact 


* Templets are as much used for setting out and producing series of holes m 
any special anangement as in filing works to any particular form the most 
complex example of the kind that occurs at the moment to the author of templets 
being used in this manner is in drilling the side plates of harps intended foi the 
arbors and link works used m temporarily shortening the strings The respective 
pc sitions of the holes m these side plates require a most exact arrangement any 
depirtme from which would prevent that precise shoitemng of the stung le 
qiured to produce the semitones with critical accuracy and would also cause an 
unheai able jar unless the cunks of the harp were sevei ally m true position or 
on the lines of cenleis so as fiimly to support the tension of the strings under all 
cncu m stances 
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pattern of one spoke is filed up as a templet winch, is shaded m 
fig 895, and selves for the similai configuration of every spoke, 
the position of the templet being given by a cential pm, aided bj 
any little contrivance which catches into the 3, 4, 5 or 6 equi dis 
taut teeth conesponding with the numbei of aims Many other 
equally available cases of the use of templets might be cited, hut 
we must now proceed to woiks of the second kind, or those of 
an outline partially cncular 

It frequently happens that ceitam forged, cast and other 
works have parts, known as bosses, swells, collais and knuckles 
that aie pierced with holes which require then fiat sm faces and 
also then margins to he made paitially oi entnely concentnc 
with the holes When such parts occur as bosses, thej often 

Fig? 894 895 896 




project fiom a flat suiface, and after the central hole is drilled 
some of the pm drills drawn on page 550 oi analogous tools 
used in drilling machines are employed in finishing the margins 
thus figs 482 and 484 serve for facing the extremities of the holes, 
481 and 485 for the external faces of cylindrical bosses or collars, 
used in the guidance of arms jointed concentrically with the 
holes and figured cutters 485 serve for bosses with mouldings 
intended foi ornament 

When the cnculai margins are discontinuous files and tem 
plets aie more or less requued thus the extiemity of a foiged 
arm, such as fig 89b, is drilled, and in the configuration of the 
remaining parts if hut one oi two such pieces aie to be made, 
a boss or plug of wood is turned like a, th it shall fit the hole the 
shoulder of the wood is then rubbed with red chalk to maik that 
part of the suiface which is not at light angles to the hole and 
the circular edge of the boss serves for the guidance of the file m 
finishing the exterioi margin, visually rather than obstructively, 
as the wooden boss would be i educed instead of the file being 
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checked If therefoie many such objects had to he filed two 
bosses or templets would be made of haidened steel and used 
one at each extiemity of the hole and they uould be held m 
position by giaspmg the thiee pieces collectively m the tail 
vice The same geneial method is veiy largely and more 
rigorously followed m making joints or hinges, of which thiee 
examples will be quoted m conclusion of this section 

The brass and steel plates fig 897 used for the joints of car 
penteis lules aie filed up to templets m all lespects after the 
mannei descubed in reference to the snail wheel fig 894 and 
the joint plates aie inlaid by meins of the file saw, chisel, and 
plane b} modes that do not lequire to be noticed 

The joints of diawmg compasses are made somewhat differ 
ently, and mostly as follows The solid knuckle a , fig 898, is first 



dulled and made cnculir by aid of a templet c, and the hollow 
side b is filed to conespond exactly with a , the two are then 
pinched togelhei in the vice on the line d d, and the paiallel 
notches foi the steel joint plates ue nude m each with the saw 
fig 712 page 729 as deep as the line e e The paits a and b are 
then sep irated the notches m & aie completed with the fiame 
saw and the bottom of the notches m a aie rendeied cnculir 
with the joint saw, fig 713, as theie explained The middle 
plates, when filed a little 1 iigei than the templets c aie inserted 
in b and soldeied in their places , the two paits aie smoothed 
on then vanous intern d suifaces and united by a temporary 
joint-pin and any little megulauties m the external oi cir 
cular Cuives, (which aie left purposely a tufle too laige ) are 
mutually detected by their want of agicement when the joint is 
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opened to different distances any parts m excess aie veiy care 
fully iedu< ed with a small smooth file principally by diaw filing 
after which the screw pm with its brass cheeks or bosses is 
added 

The pm drill fig 475, p 547 is com nonly used for cutting out 
the concave parts that extend to the side of small compass joints 
such as are repiesented in fig 899, and also for mlajmgthe 
heads of small countersunk screws 

Larger joints with wider knuckles such as fig 900 aie m 
many instances cast fiom patterns closely resembling the finished 
woiks In such cases the fiist process is generally to remove 
any little external enois with the file and to cleai the angles 
with a small chipping chisel the faces of the knuckles aie then 
smoothed and inserted within one another very tightly The 
joint hole is afteivaids drilled throughout all the knuckles and 
which aie filed up externally sometimes undei the guidance of 
templets put at the ends but principally by the reduction of 
those lnghpaits which get scratched or nibbed by the opposite 
parts and theieby show their excess of height 

But if such joints are required to be made more accuiately, 
the holes are first dulled m each piece separately, and lather too 



close m the corncis the holes are bioached with a parallel 
bioach, so as exactl) to admit a steel cylmdei, fig 901 which has 
a square end tor the biace , this rod is intended to receive the 
cutters, shown on a lugei scale m fig 902, which aie cylin 
dncal pieces of steel bored to fit the rod, and cut with teeth on 
the outer cylmdiicil part and on one flat suiface, a pm is inserted 
tin ough both the cuttei md bai, so that the two maybe united attei 
they have been placed within the joint to be worked , sometimes 
the back fice of the cuttei has only a di imetncal notch to receive 
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the chiving pm, which pushes the cutter before it as it levolves 
A recess must fiist be cleared foi the cutter with a chisel and 
hammer 01 by a wide joint saw or cutter, such as fig 718, and 
the hollowed parts at a a fig 900 are then cut throughout 
their length with the cutter, thit after wards serves to flatten 
the faces of the knuckles m exact parallelism throughout, and at 
right angles to the central hole 

The two halves of the joint having been separately hollowed 
and faced until the knucl les will penetiate some distance into 
one another, the external paits of the joint aie next separately 
filed under the gurdxnce ot haid steel rings or templets of the 
same diameter as the cutter, and placed on the cylindrical rod 
after which the tw o parts of the joint are put together when yet 
slightly too large, and the central pm is inserted m order that 
the rubbing of the knuckles ag unst the corresponding hollows 
maj- denote the parts that are still too high or full and by 
cautiouslj removing all the paits that are abraded tliejomtsmay 
be made to fit veiy closely and accurately, and vet to move with 
gieat smoothness 

Many joints that aie at the same time wide rnd small as m 
hinged snufi boxes could not be dulled as above described with 
safety and ire therefore nude quite differently by means of 
small tube, called joint wne the mode of di awing which was 
explained m vol i pige 129 

For instance in m iking a snufi box the inns foi the top and 
bottom aie fitted and jointed together before the top and bottom 
plates aie soldeied m, and the joint is thus constructed Sup 
posing that five knuckles are lequued for the bottom, and four 
for the top, the nine pieces of joint wire are cut off, and filed 
square at the ends the nms for the top and bottom having been 
fitted so as to form the reb ite, aie placed together, and carefully 
filed out with a semicircular recess or groove, by means of a 
parallel round file oi a joint file, exactly of the diameter of the 
joint wne winch theicfoic leaves a hollow equal to the fourth 
part of the cncle m each 11 m 

Five of the joint pieces are then stiung on a wne, inserted in 
the hollow of the urn foi the bottom of the box and tied theiun 
with fine binding wire, the intervals between these five knuckles 
aie regulated b} inserting the other four between them for the 
moment, while the binding wne is being fastened, aftci which 
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this fust senes of knuckles is soldeied m with modeiately hard 
silver solder which is usually fused with the blow pipe The lid 
is then treated m the same manner and the bottom pait of the 
box now serves as the gage for legulatmg the distance between 
the knuckles m the top rim The same pim is also used by 
mathematical instrument makers and others who howe\ei moie 
generally turn the joint pieces m the lathe as the diaw bench 
toims no pait of then ordinary supply of tools, and the wide 
joint pieces 01 knuckles in mathematical woiks are usually 1 irger 
than could be pioduced m that manner 


SECT VIII-COMPARATIVE SKETCH OT THE APPLICATIONS OF THE 

FILE AND OF THE ENGINEER, S PLANING MACHINE ETC 

Ihe general aim of this present section, is to show by way 
of contrast how several of the pieces advanced as illustrations 
of woiks executed with files m sections iv to vii are pioduced 
by the planing machine and analogous contnvances 

The comparison of the modes of producing flat and rectilinear 
works with the file and with the planing machine is greatly 
m favour of the latter method m respect to facility, expedition, 
and accuracy and the modes are besides entirely different 
For instance, the laborious and tedious mode oi filing a flat 
surface has been spoken of at some length, and it will be 
lemembeied the work is fixed and the tool is moved m a variety 
of dnections upon the suiface to be filed 

So fai as the action of the smith s hand plane for metal (page 
483) and carpenters planes may be biought into comparison, 
they are used m many respects as the files, but are applied 
generally parallel with the one side of the superficies that is 
being wrought 

But the engineer s mode of planing woiks m metal is entirely 
different fiorn either of the above and is stuctlj analogous to the 
mode of tuimn to woiks m the lathe with a slide rest if we 
consider the axial motion of the lithe to be lcplaced by the 
uctdmear motion of the planing machine, as was briefly expl uned 
m general terms m the introductory chapter to the piesent 
volume more particularly m lefeience to the “guide jgnncijple/ 
see pages 168 and 469 

Ihe work to be planed, is there briefly described as fixed on a 
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:‘linage or sledge that is made to move to and fio m a tme 
‘lght line, as upon a very iccuiate railway whilst the cutting 
ool which is ]ust like those used m the turning lathe was 
supposed to be affixed to a budge standing acioss and at light 
ingles to the railway Such a fixed tool would plough a fuirow 
n the wozk which fuirow would be accuntely straight as the 
;ail way 01 guide fiom which the woik itself received us direction 
>f motion 

If the reader will 011 I 3 conceive the work to be continually 
noved to and Iro upon the slide or railwa\ a distance equal to 
ts own length and th it by a subsidiary contuvance or anothei 
slide placed horizontally, the tool between each reciprocation of 
he woik were moved a small distance to the right continually, a 
series of giooves would be ploughed all individually light lines 
aid these giooves would shave off all the asperities and megu 
anties of the work leaving it finely grooved m paiallelfuirows 
3r provided the end of the tool weie flat and ever so little 
Dioadei than the small interval between the successive stiokes, 
he tool would leave a plane or smooth suiface, and the pei 
ection of this surf ice would mainly depend on the lailway or 
he cutting slide, and the horizontal or position slide, being 
:ach tiulj rectilineal 

Supposing now, by means of a third slide placed exactly 
lerpendiculai the tool were depressed the tenth of an inch md 
he process weie entirely repc itcd the smfxce would be reduced 
vith perfect umfoimitj one tenth of an inch all over and the 
row siuf ice would be mathematically parallel with that existing 
.mmcdiately pievious Pui suing this idea let it be fiuther 
supposed that the suiface just planed is the upper suiface of the 
: image 01 sledge of the planing m ichme, technically known as 
he bed or table , upon which the work that is to be planed is 
axed b} screw bolts and clamps 

It will now be shown how the piece represented by A B, C, 
.n fig 868 pige 879 would be treated m the planing machine, 
.n order to make its sides stnctly par illel m purs md also at 
ught angles to each other, m short, to convert it into a tiue 
p u allclopipedon 

The side A, of the piece would be fust placed uppermost and 
:onectly planed ifteiwaids the side A would be inverted and 
placed on the bed of the machine, caie being taken that no 
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shavings intervened to pi event their coming into absolute con 
tact, and the second face, or a , would be planed stnctly paiallel 
with A and that without any especial caie on the part of the 
operator 

Next, to plane the edge B, it would be necessary the third 
slide of the planing machine should be placed tiuly vertical, 
and that between each recipiocation of the bed of the planing 
machine on its railway the tool should be depressed a small 
quantity by the veitical slide so as m the end to make it slowly 
descend, by intermittent steps down a veitical and right line, 
exactly equal to the peipendicular height of the side B 

All things now remaining fixed as before, if the tool were 
traversed horizontally until it touched the second edge 01 b, this 
edge of the woik would, on puisumg the same gradual depres 
sion of the tool be planed also veitical and m stuct paiallehsm 
with its opposite, or B 

Continuing the same older of woik as m the hand process, 
the ends C, c, would require the work to be released fiom the 
bed of the machine shifted just 90 degiees and then refixed 
when the ends C c would be treated exactly as B b had pie- 
viously been and would thence be made parallel and square 

In some instances, indeed the analogy to the lailwayis stuctly 
mamt uned for a faithei stage of the woik, as such a piece as 
A B C fig S68 vould sometimes be mounted as it were upon 
one of the turn plates by which the lailvay carnage is twisted 
one quaitei lound piepaiatoiy to moving it from off the prm 
cipil to an adjoining line In the planing machine the turn 
plate on which the woik is fixed is a supplementary circular 
bed having a honzontal or azimuth motion so that by leivmg 
the tool unaltered except m its veitical path the seveial edges 
of any legulu polygon whether a square plate or a triangle 
pentagon hexagon Ac may be planed with strict accuiacy 
I he sides of anj megnlai polygon, may he also planed, by 
moving the tool so much on the tiansveise 01 horizontal slide, 
is the differences m the 1 idial distances of the sides of the 
unequal polygon from the eentei of the turn plite 

Supposing the piece ABC, fig 8G8 to be be\elled 01 chamfered 
on one 01 all of its edges, the slide winch had been previously 
fixed m the veitical line, 01 pcipendiculaily, would be inclined 
the precise number of clegiees required, so as to pioduce the 
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chamfered edge with as much facility as the square or vertical 
edge 

The moie convenient course m small and long works of 
sections lesemblmg figs 871 to 874, is to place upon the bed of 
the planing machine two headstockb or lathe heads, the one 
furnished with a dividing plate and so arranged that the axis 
of theheadstock is stuctly paiallel with the path of the railway 
or mam slide of the planing machine In this case the planing 
tool is xlmost al\\a}s made to traveise horizontally, and which 
indeed is the most geneiallj convenient The tnangulai prism 
fig 874 would be planed with gieat facility and tiuth by placing 
it in thiee successive positions, one tlind of the cncle or 120 
degrees asunder by means of the dividing plate, and if the axis 
of the head stocks weie inclined veiticillj, a triangular pyramid 
or wedge , instead of a tuangular pi ism , would be produced 
Ihe headstocks if horizontal and shifted four times, or ninety 
degrees each time would plane square or rectangular pnsms,and 
of course also the rectangular faces of the pieces 871, 872 and 
873 , and again if instead of constantly shitting the headstocks 
ninety degiees, as for the rectangular paifcs the changes were 
thnty foit) five oi sixty degiees according to the angles lespec 
tively lequned m the objects repiesented the bevillul or chain 
feied edges would be obtlined with greit ficility and accuracy 

Ihe plming machine almost entirely pievents the necessity 
foi building up woik in a dissected stxt< as m the figures 877 
md 878 as such giooves may lx sunk, and any fillets may be 
planed, upon the upper surfaces of works, the veitic il oi lateral 
surfaces and even the lowei oi inferioi surfaces by bending tlio 
tools into appropriate forms, so as to leach into the parts, after 
the manner of fig 4 39 page 534 as such contortions of the 
instruments do not m any lespect mteifere with the paths of 
the slides m which the tools aic fixed and guided 

And consequently, many parts of machinery that if worked by 
hand would be veiy difficult of access, and also ver) difficult of 
pi oof m respect to then accuiacy,are xccomplished mtheplxnmg 
mxchme with a degiee of facility most satisfactory to the mind 
xsiegaids then abstiact truth and the paiallelismof then vinous 
parts however stixngily situated, and also most satisfactory, as 
legaids the lelitive economy of the method, indeed the planing 
machine may be tiuly considered to have effected a most enor 
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mous and beneficial revolution m the art of metallic constiuction 
generally 

The key giooves m wheels for the keys or wedges by which 
they are attiched to then shafts, when made by maclnneiy, aie 
cut out by a modification of the planing machine invented by 
Mr Kichaid Robeits, of Manchester it is designated the key 
groove engine and may be presumed to have been derived fiom 
the mortising engines m Biunel’s block machinery (ante 50^ 6) 

The cuttei used m the Ley groove engine resembles a stiong 
mortise chisel, and is recipiocated m a vertical line by meins of 
a ciank oi excentnc, whilst the wheel to be grooved is placed 
horizontally on a slide and traversed towaids the cutter until it 
has entered to the required depth To make the groove taper 
to the same angle as the key or wedge, the slide is tilted some 
one or two degrees and if two or three key ways aie wanted 
instead of one only then the wheel is mounted on a species of 
turn plate with notches cut on its edge, by means of which the 
giooves are placed at exactly equal distances, as m planing 
squares hexagons, &c 

An offspring of the key gioove engine called the paring or 
slotting machine , is also commonl} used to fulfil many of the 
woiks hitheito performed with the file The tool of the slotting 
machine resembles m all lespects that used m cutting key ways, 
but the slotting machine has two horizontal slides at light angles 
to each othei and a circular adjustment oi turn plate allthiee 
used m shifting the position of the work beneath the cuttei and 
all thiee fitted with ippuatus for mechanically feeding the cut 
as it is technically called or foi moving the respective slides a 
mmute quantity between eveiy stroke of the lecipiocatmg cuttei, 
thus making the machine self acting 

In such i slotting md paung machine, the piece fig 879 on 
page 882 could be produced without the intervention of filing 
The cential hole d and the holes at the one extremity of each 
mortise s s and c c would be first drilled the woik would be 
guided by a pin m the center of the turn plate, fitted into the 
centei hole d The hole s would be elongated into the straight 
mortise by a chisel of the s ime width the woik bung travelsed 
beneath it by one of the straight slides The other hole c, would 
be elongated into the cncul u mortise by the giadual adj ustment 
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of the turn plate which would swing the work round on its 
axis d The turn plate moving on cl would ilso sei ve foi paring 
the outei edges paiallel with the circular moitise and the 
stiaight slides would enable the exterior straight lines of the 
work to be paied 

Even the small semicncles around the ends of the circular 
moitise m fig 879 might be shaped if before the formation of 
this moitise the piece weie chucked with c c successively m 
the centei of the turn plate or a cle\ei workman, by moving 
the two slides by hand, 01 independently of the self acting feed, 
would follow any such outline with toleiable reguluity remov 
mg the bulk of the metal, and leaving the pai ts squaie on the 
edge, and pretty nearly perfect m form so that a little filing 
would complete them satisfactorily and thus, by the manual 
adjustment of the slides, many irregular curves are pared out, 
to any particular outline pieviously drawn on the woik by that 
method which the mathematician would peihaps call the method 
of double oidmates 


Another modification of the planing machine, called the 
shaping machine , and which may be consideied to have giown 
out of the paung machine list alluded to is much used in coi 
rectmg the foims of the circular and other parts of laige woiks 
of the character of figuies 897 to 900 pages 893 894 In 
such woiks, the cential hole is fiist boied out, the object is 
then chucked on a spindle, or arbor, which may be almost con 
sidered as the mandiel of a turning lathe, the tool is next 
tiaversed above the work, and m a line paiallel with the axis 
of the mandiel, whilst, at every stroke the mandiel is slightly 
moved on its axis so th xt m the end, the whole of the circulai 
arc is accurately shaped 

These shaping machines have also geneially two rectilineal 
slides at light angles both to each otliei and to the axis of the 
mandrel either of which oi the revolving aibor, can be set to 
feed itself so that by a little dexterity of manipulation all the 
edges of a piece, such as fig 897, could be shaped, even including 
the hollow as the cutting tool is placed at the end of an aim, or 
radius, of some thiee to six inches so as to be applicable to the 
cutting of mvei ted arcs 

In this manner, with the preparatory aid of the turning- 
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lathe, eveiy pait of the cioss heul figs 903 and 904 may be 
wrought mechanic ill} The woik is fiist chucked m the lathe 
between centeis on the line a a whilst the whole of the contoui 
in the side view fig 903 is turned and also the beaungs e e, 
it is then fixed ti msveisel} on the face chuck of the lathe to 
boie out the centei hoi b b for the piston rod and to turn the 
centnl flat suifice Aftei this the lines seen m the plan 
fig 904 may be completed m the shaping or paung engine, the 
cential convex pait by the twisting of the woik on the geneial 

Figs 903 b 
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centei the concave paits h^ the twisting of the tool on the 
centeis c c and the straight paits by the movement of the 
honzontal slides and these se\eial changes may be so nicely 
managed as to lender the joinings of the seveial lines scaicely 
distinguish ible 

The method followed in mal mg such woiks is not always as 
above descnbed, as m many such pieces especially m those of 
laige size, the planing machine is brought into requisition and 
sometimes also bonng maclnneiy by which likewise the hollows 
c c may be shaped out Ihe aitist has altogether omitted the 
ti msveise mortise foi the Ley which fixes the piston rod and 
which moitiseis madem the key waj oi paring engine leaving, 
m fict nothing to be accomplished by hand laboui 

Many of the vaneties of machines foi planing and shaping 
metal works with a single pointed tool, and various other 
machines of similar effect, m which cnculu cutteis aie used, 
might be heie noticed, xnd m which numeious machines objects 
that weie foimeily always shaped by filing, aie now worked by 
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machmeiy, but it is hoped enough has been shown to satisfy the 
readei that almost an} solid with plane oi eirculai surfaces, how 
evei numerous 01 combined, and also many megular 01 aibitiary 
suifaces aie m the piesent day most effectively pioduced by 
means stuctly mechanical But it will be borne m mind, that 
the detailed investigation of these matters appertains more stuctly 
to the pioposcd filth volume to be devoted to the £ Pi maples and 
Piactices of Mechanical Engmeenng and m which it is pro¬ 
posed this trifling sketch should be filled up and elaboiated 

The author cannot, however conclude this chapter on files 
their applications and certain i elative topics without adveitmg 
to the ievolution as regards filing, consequent on the mtroduc 
tion of the planing machine and its descend ants a revolution 
more especially felt m regard to the larger classes of machinery 

The obaious effect ot the luge and economic accession of 
engineeis tools which act by cutting, has been to lessen m a 
piopoitionate degree, the employment of files and of manual 
piocesses generally amongst engmeeis and those occupied m 
the consti uction of 1 nge machinery It necess inly follows as a 
lesult that amongst such aitizans the piactice of filing fiom 
being less lequned is far less gencially Icained by the piesent 
race of woikmen and consequently many of the latter, when 
depnved of the lefined machmeiy of the woikshop, and tin own 
upon then own handicraft or manuil effoits with the simplex and 
eailiei tools, aie ceitamly less skilful than then predeccssois 

The ait of filing is howevei, still laigely employed and will 
piobably continue to be fostered as much as ever amongst aiti 
zans who woik on smaller objects, and those to which machmeiy 
of the land lefened to, is less applicable than the file and its 
more simple congemtois by means of which alone, when em 
ployed with skilful manipulation, highly elaboiate and accuiate 
woiks have been and may still be pioduced, although m many 
instances at a gieiter cost 

In justice to the file it is also light to state, that m many cases 
it is indispensable that woiks pioduced m the planing and othei 
machines, should be finished and adjusted by means of smooth 
files , and fuithei tint the machines refeircd to aie unavailable 
m many small woiks, which c m only be pioduced by individuals 
who hive been long and delicately skilled m the use of the file 



904 


CHAPTER XXIX 

SHEARS 


SrCT I INTRODUCTION CUTTING NIPPERS TOR WIRES 

Shears ate instruments of a chaiactei quite chffei ent from 
any of tliose hitheito clesciibed, as the cutting < dges of slieaimg 
tools aie always used m pairs and on onposite sides of the 
material to be sheaied or seveied In many cases the shears 
are constructed after the manner of pinceis and pliers 01 as two 
double ended levers unit, d at the fulcrum by a pm, but other 
modes of uniting the two cutting parts of the instiuments are 
also employed, as will be shown 

The geneial foim and position of the cutting blades of shears, 
was adveited to in the elementaiy diagiam fig 316, at the begin 

nmg of this volume and the sec 
tions of some vaneties of this 
mst urn ent aie rcpiesemed by a, 
b, c of the annexed fig 905, fiom 
which it will be seen that the edges 
of shears and bcissors meet in 
lateialeontxct and pass close against 
one another severing the material 
by two cuts, or indentations, or thrusts, which take place m the 
same plane as that in which the blades aie situated and are moved 
Some of the largest sheaung tools of the kinds used by engi 
lieers, such as c serve to divide bais of non, 4 o oi 6 inches 
wide and 1 to 2 inches thick then requiting the greatest pos 
sible solidity and freedom fioin elisticity 

On the other hand some of the finest scissois of the section a 
such as are used by ladies in cutting lace will cut with the greatest 
cleanness and peifection, the most flexible thread or tissue of 
threads, or the finest membranes met with in animal or \ eget ible 
structuies Rut this latter kind of slieais unlike the engineers 
sheais, is altogethei useless unless possessed of a considerable 
share of elasticity to keep then edges m accurate contact at 
that point m which the blades at the moment cross each other, 
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as will be explained otheiwise such thin materials aie folded 
clown between the blades instead of being finly cut The trail 
sition fiom the elastic to the melistic lands of shears is not as 
ma^ be supposed by one defined step but by giadual stages, 
nnl mg it as difficult in this as m othei cl issifications, to idopt 
an^ piecise line of demaication 

In addition to the ibove 01 to sheais pioperly so consideied, 
theie are a few tools known as cutting pheis or nippers, in 
which the blades meet m dnect opposition but do not pass each 
othei as in the legitimate kinds of sheais this kind is 1 ©presented 
by the section d fig 905, and it is pioposed to considei these 
several tools as neaily as miy be undei four heads, namely,— 
Sect I Cutting nippeis foi wues 
9i II Scissois and sheais foi soft flexible materials 

, III Sheais foi metil woiked by manual power 
„ IY Engineers sheaung tools, generally woiked by 
steam powei 


Cutting plieis if the} idmit of being classed with sheais, are 
ceitamly the most simple of the gioup, and are used foi cutting 
asunclei, small wues nails and a few other substances I hen 
edges aie simpl} opposed wedges exactly as shown m the above 
dngiam at d and as lespects the lemundei of the mstiuments 
by which then wedges aie compiessecl the most simple land 
cxictly lesembles caipenteis oidmai} pinccis for diawmg out 
nnib, except that the cutting pincers aie made with thmnei 
edges and figs 900 to 909 oveilcaf lepresent different kinds of 
cutting plicis and mppcis 

When cutting nippeis are compressed upon a nail or a piece 
ot wne, they fiist indent it on opposite sides, and when from 
then pcnetiation, the suifaees of the wedges exert a lateral 
piessxue igamst the material, the lattci eventually yields, and is 
torn asunder at the moment the piessuie exeited by the wedges 
exceeds the cohesive strength of the cential metal yet uncut 
Consequently the divided wne shows two bevilled surfaces, 
tmnin itmg m i ndge slightly torn and ragged The quantity of 
the mateml thus tom instead of being cut, will be the less the 
soltci the metal and the keenei the pheis, but expenence shows 
an angle of about 30 to JO degiccs to be the most economic ilfoi 
the edges of such tools 

i n 



90 G 


CUTTING PLIERS 


Little remains to be said on tbe varieties of cutting pliers 
most of these used by geneinl nitizans and clockmakeis, aie 
smallei than earpenteis pinceis and the extiemities of the jaws 
aie bevilled as in uatch nippers, fig 900 that they may cut pms 



lying upon a flat sui face Othei cutting pliers called aide mppeis 
aie oblique as m fig 907 , those used for the dressing case and 
known as nail nippers are concave on the edge to pare the nails 
convex, and another land known as nipper pliers, bell hanger s oi 
bottler s pliers, have flat points at the endfoi gi asping and twisting 
■wires, and cutters on the sides for removing the waste ends, as 
shown m fig 908 

Suigeonsalso employ cutting nippers, for dividing smallbones 
such as those of the fingers and toes, and for removing splintered 
and dead portions of bone They assume the forms already 
explained, and also some others as will be seen on consulting 
the woik befoie quoted m the foot note, pages 801, 2, namely 
Seer ig s Armamentarium 

The edges of cutting mppeis aie apt to be notched, if used 
upon hard wnes oi if wnggled whilst the cutting edges aie 
buned m the wue and they scaiccly admit of being leground or 
repaired This inconvenience led to a modification of the 
instrument fig 909 by the enlirgement of the extiemities to 
admit of loose cutteis fitted in shallow giooves being affixed by 
one sfcrew in each as shown detiched at c, so that the cutteis 
may admit of lemoval and restoration by gunding which 
end is effectually obtan ed although somev hat to the pi ejudiee of 
the instrument by increasing its bulk* 


* H Bursill a youth only 1° year? old was io wauled foi this conti lvance by 
the Society of Arts m 184u 
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SECT II-SCISSORS A1SD SHEARS I OR SOFT IT EXJGBLL 

MATERIALS 

The sci^sois and shears to be described m this and the sue 
ceedmg section, act on a veiy diffeient punciple fiom the nippers 
lecently spoken of I lie nippers have edges of about 30 to 40 
degiees meeting m ditect opposition, but yet leave ragged edges 
on the woik wheieas the sheais hive edges commonly of 90 
degiees, seldom less than 60 degieeb these edges pass each othei 
and leave the woik remaikibly keen uid exict 

Let the edges of scissors be ever so well sharpened, they act 
veiy impelfectly if at all, unless the blades are m close contict 
it the time of passing, and this imperfection is the more sen 
sible the thinner and more flexible the m itenal to be cut, as it 
will then fold down between the blides if they do not come 
m contact Wheieas when the blades exictly meet, the one 
selves to suppoit the matenal whilst the other seveis it or 
lather this action is recipiocal and each blade supports the 
matenal for the othei fulfilling the office of a countei suppoit 
oi of the bench, stool oi cutting boaicl used by the carpenter 
with the paung chisel 

On a cuisoiy inspection of a pan of oi dinar} scissors it may 
be supposed that their bl ides aie made quite flat on tlieir faces oi 
with truly plane suifaces like the diagram fig 910 oveileif lepie 
sentmg the imaginary longituchn d section of the instrument, 
the two blides of which ue united by a sciew consisting of 
three parts differing m diamctei, nimely tlic head, tlie necl, and 
the tin cad the bottom of the countei sink that receives the 
head of the sciew is called the shelf oi the twittei bit If how 
evci the insides of scissois weie made flat and as caiefully as 
possible, they could scucely be made to cut slendei fibious 
materials oi if at all, then for only a slioit period and additional 
fuction would accrue fiom the nibbing of their surf ices 

Ihe fonn winch is really adopted more resembles the exag 
geiated diagiam fig 911 the hi ides aie each sloped some 2 oi 3 
degiees from tlie plane m winch tlie> move, so that tlieir edges 
alone come into contact, instead of the blades being stiaightm 
then length they aie a little cuiaed so is to o\eihp, and close 
behind the sciew pm b} wlncli they aie united, theie is a little 
tinngulai elevation, insigmficmt m si/e but most important m 
effect, winch miy be considered is a mimituic hillock oi ndge, 

3 n 2 
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sloping away to tlie geneial ourfice near the hole foi the screw 
This enl ugement 01 bulge is technic illy colled the 66 ? ichnq jpart 
and as there is one on each blade when the scissois are opened 
oi th it the blades me at light angles, the points or extremities 
only of the uding pmts come into contact and the joints may 
then have lateral shake without any prejudice Bat as the 
blades ire closed, fii st the bases oi points of the riding parts and 
lastly the summits oi tops rub against each othei and tilt the 
blades beyond the central line of the instrument the effect of 
which is, to keep the successive poitions of the two edges m con 
tact throughout the length of the cut as by the time the scissois 
aie closed the points of the blades aie each sprung back to the 
cential line of the scissois winch is dotted m the diagiam 
Although scissois when m perfect condition for work, may be 
loose or shake on the joint when fully opened (and theieby 
placed bejond then iange of action ) they will be alwa) s found 
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to be tight and free fiom slial e as soon as the blades can begin 
to cut the matenal neai the joint and so to continue tight until 
they meet at the points That all scissors do exhibit tins con 
stiuction maj be easily seen, as when they aie closed and held 
edgeways, between the eye and the light they will be found 
only to touch at the points and at tlie uding parts, oi those just 
behind the joint scicw, the remainder being more or less open 
and gently cuned and their elistic action will also be expe 
nencedby the touch, is whilst good scissors me being closed, 
there is a smoothness of contact which seems to give evidence of 
some measuie of clasticitj 

Fig 912, represents the section of the one blade of a pan of 
scissois icgisteicd m July 1811, by Mi <3r Wilkinson, of Slief 
field and mwhich the clastic pnnciple is difleientlyintroduced 
These scissors aie made without the uding part, but instead 
thcieof, immediately behind the sciew which unites the blade 
as usu \ 1 , the one blade is perforated, foi the purpose of admit 
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ting fieely a small pm 01 stud fixed to the end of a shoit and 
poweiful spimg so that the stud s, fiom acting on the opposite 
blade tluows the points of both towaids each other so as to grve 
them a tendency to cioss but which being lesisted by the edges 
of the blades touching one auothei, keeps them veiy agreeably 
m contact thioughouf then motion, and causes them to cutveiy 
well 

If fuithci evidence is wanted of the elastic pnnciple m scis 
sors, it is distinctly shown m sheep she 11 s which besides then 
ostensible puipose of sheaung off the fleece aie used b} leathei 
diesseis and otheis It is well known tint sheep shears, fig 910 
page 915, aie made as one piece of steel, which is tapered at 
each end to constitute the cutting edges is then for a distance 
fluted and str light to form the semi cylmdncil paits for the 
giasp, and that 111 the center 01 opposite extremity, the steel is 
flattened and foimed into a bow by winch the blades aie united 
and kept distended , sheep shears consequently require no -joint 
pm and the hands have only to compress them as they spimg 
open for themselves If sheep sheais are examined when fully 
opened, or when paitially closed bytjmg louncl the blades a 
loop of stung it will be found that the blades have a tendency 
to spring into contact as aitei having been piessed sidewi)s 
and asunder, the cutting edges immediately letum into exact 
contact the moment the distending piessuie is removed 

Ihe construction of scissois with the lidmgplico as aclveited 
to in fig 911 is that which ordinarily obtains in most scissois, 
horn the finest of those used by ladies, to the heavy ponderous 
shears for tailors which sometimes weigh above six pounds, 
and aie rested on the cutting board bj one of then bows, that 
are large enough to admit the whole of the fingeis 

Ihe peculiai form of the insides of the blades is m all cases 
of paiamount importance, and in the manufactuie of fine scissois 
is attended to by a peison called a puttei together whose pro 
\ince it is to examine the screw joint, and see to the foim of the 
ndmg places, and lastly to set the edges of the scissois, which 
for general puiposes are sharpened on an oilstone at an angle 
of about 4.0 degrees, but for the fine scissois more nearly upright 
01 at 30 degrees from the perpendicular 

So lmpoiUnt indeed is ihe configiu ition of tlic inner face of 
scissois, tint they should ncvci be giouud 01 meddled with at 
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that part, hut by a person full} expenenced m then action and 
scissors may with caieful usage be kept m older foi }ears with 
out being giouncl if the edges are occasionally set on the oil 
stone at the inclination above referred to It will frequently 
happen that well made scissors which appeal to giate a little 
when closed meiely do so from clnt or dust which if lemovecl 
by passing the finger along the edges will lestoie the scissois 
to their smooth and pleasant action 

It seems quite uncalled for to entei into the separate descnp 
tion of vauous instruments known as button hole scissors cutting 
out, diapers flowei gaiden and giape scissois hoise turn 
mmg scissois liui,lace lamp nail paper pocket statroneis 
md tailors scissois and many otheis nor of the large sheais 
for the gaiden such as pluming tummmg and boidei slieais 
the distinctions between which vaneties aie sufficiently known 
to those who use the seveial kinds hut the author will meiely 
notice such of them as present any peculiarity of stiuctuie 
Button hole scissors aie notched out towaids the joint screw 
as in fig 914, so as to enable the instrument to make an incision 


Figs 913 914 



a little distant from the edge of the matenal, the joint must 
he made stiff so as to prevent the points catching against each 
other 

Flower and giape scissois assume the section of fig 913 so that 
they first cut the stem, and then hold it like a pan of pliers the 
one blade leqiures to he made m two parts uveted together, 
when entirely closed they piesent an elliptical section a , and b 
shows how the stem of the flower is giasped the blades are 
lounded at all paits that they may not mjuie the plants 

Lamp scissors have the one blade veiy bioad and with a little 
inn to pi event the snuff of the lamp falling on the carpet 
Nail scissors for the ches&mg case are made veiy stiong and 
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with short blades In using scissois foimed in. the ordmary 
mode the fingers and thumb of the light hand have naturally 
a tendency to pi ess the blades together, m that position m 
which they are intended to cut, but the left hand on the 
contraiy has a tendency to separate the blades and defeat the 
principle on which scissois act Tlieiefoie nail scissors are 
made in pans and foimed m opposite wajs, or as “lights and 
lefts, so that they may suit the lespective hands 

Pocket scissois have blades which admit of being locked 
together m the form represented m fig 915 as the point of the 
one blade catches into a small spnng near the bow of the other 
and the instrument cannot be opened until the spnng or catch 
is released with the nail When closed for the pocket, the 
bows stand on one line is at a b when opened for use as at ct c 
Surgical scissors aie of many forms but have generally short 
blades and long stiaight slender handles thitthe hand may not 
impede the vision In some of the surgical scissors the blades 
are cuived as scimitars and otheis aie cuived sideways, these 
kinds aie difficult to make as the elasticity of contact m the 
blade is requued nevertheless to be maintained 

Many of the shears and scissois used m gardening only 
differ fiom scissois and shears m geneial m their size, and the 
adaptation of then handles some of which aie of wood, and 
pi iced at an angle of 40 oi 50 degiecs as m the letter Y 
mveitcd Other gaulen shears used m tnmmmg boiclcis, 
have handles a yard long and inclined about BO degrees to 
the blades, winch may tlieiefoie lie on the ground whilst the 
individual stands nearly erect Some of the bordei slieais 
have rollers to facilitate their movement along the ground 
In piunmg sheais and scissors, two peculiarities of form are 
judiciously introduced In the moie simple of the two kinds 
which is shown m fig 91G the one part of the instrument teimi 
nates m a hook, with a bioad and sometimes a roughened edge, to 
retain the branch fiom slipping away, the other part of the mstru 
mcnt is formed as a thm cutting blade, the edge of which is con 
vex Theoretic illy it should be pait of a logarithmic spnal m 
which case the edge of the cutter would present a constant angle 
to the woik throughout its action, and slide laterally through 
the incision made by itself, oi make a sliding cut, whereas if 
the edge of the blule weie radnl, it would mike i direct cut 
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without any sliding as m a paring chisel The spn il hi ide cuts 
moie easily, and will tlieiefoie remove a larger bi inch with an 
action pieciselj analogous to that of the oblique cutteis m some 
of the planes, although diffeiently produced 

Some of these mstiumeuts when a little modified m foim are 
mounted on poles fiom 6 to 10 feet long, and are actuated by a 
catgut, this tool which is known as the Averuncatoi, is veiy 
efficient for piunmg at a consideiable distance above the head 
The othei piunmg sheais repiesented m fig 917 aie denomi 
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n rted sliding sheais, the pm that unites the two paits fits in a 
round hole m the one blade and along moitise m the other and 
a link oi budle lod c e, is attached by a sciew to each lever , m 
consequence when the mstuunent is fully opened the pin oi 
fulcium is at the end a of the moitise wlieieas on the sheais 
being giadually closed, the cutting blade slides downwaids upon 
the pm until the fulcium is near the opposite end b In this 
modification of sheais the sliding action is pioduced to a much 
gieater extent than with the spnalblide but the construction is 
a little more expensive and as the mstuunent is not piovided 
with bows for the fingeis the spring d e is added to thiow it open 
Befoie dismissing this section two modificttions of she us 
will be buefiy adverted to those used by card makeis and the 
revolving she us employed in manufacturing woollen cloth 
Card p iper is piepued mlaige sheets when dried md piessed 
it is cut into squire pieces of the lequned sizes by means 
of long sheais, the one blade of which is fixed at the end 
of a table, and has the joint at the futher extiemrty, whilst 
the cutting blade Ins a handle m fiont, and moves through a 
loop to keep the blade m its position as m some chafi cutting 
machines, theie is also a stop fixed paiallel with the blades 
and as distant as the width of the "dips into which the caid is 
fust divided, and these slips aie then cut igam the lengtliway 
of the cuds The she us uc moved so i xpidly, that the return 
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sounds like that of knocking at a door, and still the raids agiee 
most ngidly m size 

Revolving shears or “perpetual shews 9 are usedfoi shearing 
off the loose fibres fiom the face of woollen cloths Foi nanow 
cloths the cylindeis aie 30 inches long and 2 m diuneter, eight 
thm knives aie twisted around the cylinders, making 2% turns 
of a coaise sciew, ind are secuied by suews and nuts which 
pass through flanges at the ends of the axis foimeily the 
cylmdeis were giooved and fitted with several thm nanow plates 
of steel 6 or 8 inches long The edges of the eight blades aie 
giound so as to constitute parts of a cylinder by a grinder or 
stnckle fed with emei} passed to and fio on a slide par allel with 
the axis of the cylinder which is dmen at about 1200 turns m 
the minute 

In use the cylinder levolves about as quickly and m contact 
with the edge of a long thin plate of steel, called the ledger 
blade , which has a veiy keen rectilinear edge me isunng 40 to 50 
degrees the blade rs fixed as a tangent to the cylinder, and the 
two are mounted on a swing carnage with two bundles so as to 
be brought down by the h mds to a fixed stop I he edge of the 
ledger blade is sharpened, by grinding it against the cylinder 
itself with floiu emeiy and oil by which the two are sure to 
agree throughout then length 

The cloth, before it goes thiough the process of cutting is 
brushed so as to raise the fibres it then passes from a roller 
over a round ba' and comes in contact with the siting bed 
which is a long elastic plate of steel, fixed to the framing of the 
machine, and nearly as a tuigent to the cjlmder, this bungs 
the fibres of the cloth within the rrnge of the cutting edges, 
which reduce them veiy exactly to one level The machine has 
several adjustments for determining with great nicety the 
relative positions of the cylmdei lcdgei blide and spnng bai, 
but which could not be conveyed without elaboiate diawmgs 
lonnerly the cloth was passed ovei a fixed bed having a nearly 
shup angular ridge, but which mode was fat mote liable to cut 
holes m the cloth tlim the spnng bed 

Broad cloths tequiie cjlmdeis Go inches long, and machinery 
of proportionally greater stiength In Lewis s patent cross 
cutting machine the cloth is cut from list to list or transversely, 
in which c ise the cloth is stictclrcd by hooks at the two edges. 
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and there aie two spring beds the cylinder m this machine is 
40 inches long and the cloth is shifted that quantity between 
every trip until the whole piece is sheared The perpetual 
sheais aie also successfully applied to coaise fabrics including 
carpets * 

A modification of the above levolvmg sheais, made m a much 
less exact manner for mowing glass lawns is fitted up somewhat 
as awheel barrow, or hand tiuck so that the lotation of the 
wheels upon which the machine is rolled along gives motion to 
the shears, which crop the glass to a level surf ice 

SECT III-SHEARS FOR METAL WORKED BY MANUAL POWER 

When metals are veiy thin such as the latten brass used for 
plating and other puiposes they may be leadily cut with stout 
scissois , and accordingly we find the weakest of the shears for 
metal ire meiely some few removes m strength, beyond the 
stiong scissors for softei substances 

It is howe\er to be obseived, that as common scissors are 
sharpened to an angle vaiymg from about 50 to 60 degrees, they 
may fairly be considered to cut the materials submitted to their 
action, but sheais for metil have m general rectangular edges 
as they are seldom more acute than 80 degrees, and therefore 
instead of cutting into the material they rather force the two 
parts asundei by the piessuie of the two blades being exerted 
on opposite sides of the line of division 

It was lecently stated to be of the utmost importance that 
the blades of the weaker or elastic kind of shears should be 
absolutely m contact, or else thin flexible materials would be 
folded down between then blades without being cut 

And it may now be uiged as of equal importance, that the 
blides of the sheais for metal should be also exictly m contact 
not tint ngid plates or bars of metal could be bent or folded down 
between their blides, even if these were a little distant but the 
resistance to the opei ition of cutting would be then enonnously 
mcieased because the foiceexeited to compiess the sheais would 
not be then exerted m the line of then gieatest resistance 
which is stnctlythe case when the edges tiuly meet in one pi me 

Messrs Sugden and Son of Leeds rnal ers of michinuy foi the imnufictuie 
of cloth kindly furnished the author with the information from which the above 
i emails woic gallic led 
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If the blades were distant as m fig 924, fiom the want of 
direct support, the bar or plate would be tilted up, and become 
jammed this would tend fuithei to sepaiate the blades, and the 
shears would be strained 01 perhaps bioken without dividing 
the bar wheieas all these evils are avoided if the sheais close 
accuiately m one and the same plane as if the lower blade were 
shifted to the dotted line and m which case the} require the 
least expenditure of power and act with the best effect 

Having now m accord nice with the general method of this 
woik, noticed the principles on which the shears for metil act, 
the author will pioceed to describe some of the oidmary foims 
of the instrument 

Hand sheai s 9 which aie the smallest of these tools are made of 
the form represented m fig 920, and \aiy fi om about four to nine 
inches m total length, they are much used by tinmen copper 




smiths, silversmiths and others who woikm sheet met ils, and are 
often called snips, to distinguish them from bench sheais some 
times however they are fixed by the one limb m the table oi tail 
vice and then become essentially bench sheais and this enables 
them to be used with somewhat increased power 

Bench sheais of the ordinary form arc represented m fig 921, 
the square tang t , is nisei ted in a hole m the bench or m a large 
block of wood, or else m the chaps of the bench vice itself a 
less usual modification is seen m fig 922, with the joint at the 
far end and the cutting pait between the joint and the handle 
Bench sheais vaiy in total length from about one foot and a 
half to foui feet, and the blades occupy about one kith of the 
length sometimes to mciease the power of these she us, the 
handle is forged thicker at the end to add weight, so that when 
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the mstiument is closed with a jeik it may by its momentum 
cut thickei metal than could be acted upon by a simple tlnust 
but when considenble power is lequired it is better to lesoit 
to the sheais next descnbed 

Pm chase shews which aie lepiesented m fig 925 are m eveiy 
lespect moie poweiful than those pievioush noticed the fi irnmg 
is much moie massive and the cutteis aie lectangulai bars of 
steel mseited m giooves to admit of then being leadily simp 


Pig 925 b 



ened or renewed Instead of the li md being applied on the 
first lever or a b, a second level c cl e, is added and united to 
the fiist by the link b, d and but for the limit of the papei 
the hand level c d e , would Lnwe been lepiesented of twice its 
piesent length 

As the length of the pait a b is tmee to foui times the 
length of e cl the hand has to move tlnough thiee tofoui times 
the space it would if applied dnectly to the sheai level, and 
consequently the pm chase sheais have thiee to foui times the 
foice of common sheais, supposing the manual level to be of 
equal length m eich land Theie is usually at the back of the 
moving blade, a veiy poweiful spnng ol back stay , to keep the 
two edges m contact and still fuithei behind a stop to detcnmnc 
the lengths or widths of the pieces sheai eel off 

Before using sheais, in those cases wheie the stop is not 
emplo}ed to detennme the width, it is usual to muk on the 
woik the lines upon which it is intended to be she ued, the 
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slieais Tie then opened to the full mcl the extiemity of the line 
is placed m the angle foimed by the jaws , if the woik is shoit 
it is also obseived whether the opposite end of the line lies 
exactly on the edge of the lowei blade, but if the woik is long 
the guidance is less easy When the blxdes aie closed the woik 
will piobably slip endlong notwithstanding the resistance of the 
hand until the angle at which the blades meet is so fai leduced 
that they begin to giasp the woik when the extieme edge will 
be first cut tinough and then the incision will be extended to 
the full length of the blades 

As howevei each successive portion is severed, the two paits 
are bent asunder to the angle foimed by the blades, and both 
pieces become somewhat curved 01 curled up , provided the cut 
is thiough the middle of the sheet so that both aie equally 
stiong, the two paits become curved m the same degree but 
when a nanow md consequently weakei piece is lemoved fiom 
the edge of a wide sheet, the cuilmg up occurs almost exclu 
sively in the nanow stnp on account of its feebleness In long 
pieces it is sometimes necessaiy to mciease the curvatuie m 
order that as the woik is sheared off the one part maj pass 
above and the other below the nvet or screw by which the 
halves of the she us aie united 

When fiom use or accident the joint becomes loose, so as not 
to letam the two paits m contact m oidei to make the slieais 
cut, the moving half must be piessed agunst that which is fixed 
to the pedestal 01 tail \ice Sometimes the sway of the blades 
of jointed slieais is pievented, by allowing the moving aim to 
pass through a loop 01 guide which may retain it in position 

Such a guide is mostly used m the light shears with which 
prmteis cut their space line leads 01 those thin slips of metal 
inserted between the lines of type, to sepaiate them and make 
the punting moie open The leads aie cast m strips about a 
foot long, and aie cut into pieces of the exact width of a page 
by laying them m a tiough having at the end a pair of sheais, 
and beyond these a stop to deteimme the precise length, so that 
any number of the leads may he cut exactly to the length 
lequned Befoie adveitnig to the poweiful slieais used by 
engmeeis, two modifications of those aheady clescubed will be 
noticed 

Fig 923 page 915, represents the section tlnough the blades 
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of a pair of slieais invented by Mr Collett, by which the tags 01 
tin fenules at the end of silk 1 ices aie cut and bent atone piocess 
the genenl aspect of the tool being that of fig 921 pige 915 
The shearing blades are shaded obliquely m fig 923, and to 
the lowei, which is fluted on the edge, is attached a stop that 
detei mines the width of the piece lemoved fiona the stup s, 
to mike the tig Ihe upper shear blade which is giound moio 
acutely than usuil carnes a ndge piece, (shaded vertically) 
which compresses the strip as it is cut off, into the fluted edge 
of the lowei blade and thereby throws it into i channelled 
form and by the employment of a pair of hollow plieis, oi 
else a light hammer and a hollow ciease, the bending is readily 
completed and the tag attached to the coid * 

A neaily similar machine, but constiucted more m accoidance 
with the punters space line shears, is used for cutting slips of 
thm latten brass into the channelled pens used in stationers 
machines for nihng the blue and led lines on paper for account 
books &c The one side of a slip of brass lj- inch wide, is thus 
cut and channelled at intervals suited to eveiy line the sides of 
eveiy channel are closed to form a narrow groove, and the inter 
veiling pieces are removed with hand shears Ihe compound 
pen is fixed on a hinged boaid, and a stnp of thick flannel laid 
at the top of the pen is saturated with ink which flows steadily 
down all the channels whilst the papei is moved horizontally 
under the pens by two or thiee rolleis and tapes somewhat as 
m the feeding apparatus of printing machines, and thus the 
whole page is ruled one way and very quid ly 

Slieais of the above kinds with rectilineu blades aie not 
suited to cutting out curvilinear objects such foi example as the 
sides of crllipeis a fig 950, page 933 The outline of such 
cullipeis is fiist of all milked on the sheet of steel from a 
templet, md with a br xss wne which leaves a sufficient tiace , 
the outline is followed with a hummei and clnscl upon an anvil, 
the clnscl hiving a lounded oi convex edge Detichecl cuts 
running into one mothci aie made around the curve, and the 
woik is fiinlly sepu ited by pinching it in the tail vice succes 
sivcly at all pmts of the cuive and wiigglmg the other edge of 
the sheet with the hand until it bieiks 

r I he vice is often rlso used foi cutting off sti right pieces which 
«■ Su 1 1 ins lotions of the booicly of Aits I ondon IS ? 6 vol xh\ pc o 70 



TNGINriPS SHEARING TOOLS 


919 


aie then fixed with the line of division exactly flush with the 
chaps, and an oichnaiy straight chisel is so applied, that the 
chamfer of the tool tests on the chaps of the vice, and the edge 
lies at a small angle to the woik and after every successive blow 
the chisel is mo\ed a little to the left without losing its general 
position 

SECT IV—rNGINErrS SHEAPING TOOLS, GENERALLY WOTLED 
BY STEAM POWER 

The earliest machines of this class weie scarcely more than a 
magnified copy of the bench shears shown on page 915 but made 
very much stronger, thus fig 926, repiesents a shearing and 
squeezing tool used m some non woiks and smithies It has 
one massive piece that is fixed to the ground, and jointed to it is 
the lever which carnes at cl a pair of shearing cutteis situated 
exactly on two radii struck from the center of motion this 




machine has also two squeezers b, foi moulding pieces of non 
when led hot to the particular forms of the dies The longer 
end of the level is united by a connecting rod to an excentiic 
stud m the disk cl, which is made to revolve bj the steam engine 
The late Mr Penn of Gieenwich moved his shears by means 
of an axis carrying two rolleis placed at the extieimties of a 
diametucal arm, as m fig 927 The one idler acts on the laclial 
part of the shear level m the act of cutting and the curved part 
then allows the lever to descend by its own weight ripidl} 
5 et without a jeik, by the time the other lollei comes into 
action for the succeeding stroke of the machine, which by this 
double excentiic makes two reciprocations for e\eiy revolution 
of the shaft 

It is however moie usual to employ cams, as m fig 928, and 
m this case the part of the cam which lifts the shell level is 
usuallj spnal, so as to raise it with equal velocity , the cuive of 
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ll ie back is immaterial piomded it forms a continuous line so as 
to prevent tlie level descending with ajeik 

Pig 929 lepiesents the double sheais contrived by the late 
Sn John Baitonfoi the Ito^al Mint the one put, shown also 
detached piescnts two lioiizontil but discontinuous edges with 
the ixis m the center, this piece is fixed to a him suppoit the 
other 01 the moving pait somewhat resembles the lettei T oi a 
pendulum, to the lower end of which and beneath the flooi 
is joined a connecting rod, that unites the pendulum with an 
excentuc or ciank duven by the engine The machine is 
double or cuts on eithei side and has two pans of rectangnlu 
cutters of hardened steel, winch may be shifted to bring the 
fom edges of all of them successively into action 

Boilei m ikeis have gieat use foi powerful sheais foi cutting 
plite nonfiom f to 1 and sometimes-finch thick, and the next 
stige of their workm to punch the nvet holes by w Inch the plates 
are attached The two piocesses of slieuing and punching are 
so far analogous m then lequuements that it is usual to unite 



tlie two piocesses in one machine and as it sometimes happens 
the boiler maLei s } aid is at a distance fiom the geneial factory, 
it then becomes necessaiy to work the shears by hand with a 
winch handle and which is effected m the manner shown m 
fig 930 by the mtioduction of only one wheel and pinion The 
wheel is fixed on tlie cam shaft the pinion oil the same axis 
hiat cames the heavy fly wheel employed to gue tlie lequned 
momentum this mode of working the sheaimg and punching 
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engine is peifeetly successful but of comse less economical than 
sfccun oi water powei, the agency of winch the machine is also 
a dip ted to leceive 

When slieus that move on a joint and have radial cutters as 
in <P(> me employed fox thick bus, owing to the distance 
to which thou j uvs aie opened they meet at a eonsideiable 
mglc uul theiefoic fiom then obliquity they do not giasp the 
thick bn but allow it to slide gi xdually fiom between them 
to pic\ent which a ngid stop is added at the nait c fig 920 
wh< n is the bai cm no longei slide away it becomes severed 
J he she us with l ichal cutteis are also liable fiom their veiy 
oblique action to cime the plates, neitliei do they seive foi 
making long cuts, as the joint then pievents the free passage of 
loin* woil 

All these inconveniences however aie obviated in the shearing 
machines with slides, m which the edges appioach m a right line 
mstcul of lull illy and are also nearly obviated m the veiy 
missive and poweilul aliening and punching tool with jointed 
leva designed by Mr Roberts of Manchester, and represented 
m fig 910 winch occupies an entne length of eleven feet, and 
suves foi cutting plates not exceeding % inch thicl cutting 12 
nidus m length at a tune, and punching holes of l£ inch 
dnmcici m | inch lion The shearing cutters aie m this 
m u lunc L ) inches long md laised above the centei of motion as 
Huy he on a choitl instead of a l ulius, the longest pieces may 
tluuloic be cut without mteifeience fiom the joint, and the 
cutteis have the fuitlier advantage of meeting at a much smaller 
angle than if fitted lachally 

Tlu poll iblo punching and shear mg machine shown m front 
uul side elevation m figs 931, and 932, was also designed by 
Mx Richud Robeits, it will sene foi a general example of such 
mac lmu s as the differences m the seveial constructions aie only 
those of loim and anangement and not of principle 

T Ins m ichmc stands upon a base of a tnangulai form and has 
m fiont a strong chamfer slide, which is lecipiocated m a vei 
tieal lino, by an excentnc that is concealed from \iew it being 
immcdi itely behind the slide, and upon the same axis as the 
( \ ( urine is the toothed wheel The pinion that tal es into this 
wheel is on the Shaft tint curies the fly wheel, and one of the 
urns of the latter, icccrves the handle by which the machine is 
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usually soiled, or if it is driven by power, fast and loose 
pulleys aie then fixed on the same axis as the fly wheel 

The uppei put of the slide tames a healing cuttei which is 
about 7 inches wide, and meets a similar cutter that is fixed to 
the uppei and oveihanguig pait of the casting The cutters 
iltbough giound with neaily rectangulai edges, aie bevilled to 



the extent of about three fouiths of an inch m the direction of 
their length, that they may commence then woik on the one 
edge, and therefoie more gi adually than if the entue width of the 
cutter penetiated at the sune instant this degree of obliquity 
does not cause the woil to slide fiom the sheais neithei docs it 
matenally ciul up the woik and as the bl ides aie quite cleai of 
the fiammg a cut may be extended throughout the longest woiks 
provided the cut is not moie thm five inches fiom the edge of 
the plate the distance of the cutteis fiom the fianung of tne 
machine 

The above machine which measuies m total height about five 
feet, makes 12 01 15 stiokes pei minute, sheais | inch lion 
plites and punches % holes in iron ] inch thick A largei 
machine makes 10 or 12 stiokes pei minute, sheais \ inch plate 
and punches 1| inch holes in non % inch thick and a still 
heavier machine working it 8 or 10 strokes m the minute, shears 
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1 inch pi it os, and punches 2 inch holes m non 1 inch thick 
borne of these aie piovided with 1 ailw 13 s by which the woil is 
earned to the slicus or punches as will be desenbed and 
Mi Itobats bai cutting m iclnne having only sheaimg cutters 
U the bo 4 tom and the excentnc it the top of the slide is used 
loi cutting bus not exceeding 6 -J inches wide b) 1 | thick 01 
bus 2 01 2 * squne, but he tlnnl s these dimensiois of the 
woiks pcifouned might if required be greatly exceeded 111 
he ivici machines 

Apitentlns been leeently gi mtecl to Mr G B Thome) 
aoft loi a she rung machine foi cutting wide plates of sheet non 
JLlns m iclnne which is used 111 the manufictuie of wrought non 
Inis two wide cutteis of steel fixed to the edges of thick plates of 
cist non the lowei cuttei is at lest and quite horizontal the 
uppci cuttei bu is fitted in grooves at the end of the fiame so 
is to he cuned up and down veiticall) by a shaft or spindle ltn 
modi ltd) abo\c the cuttei and paiallel with it this shaft has an 
cvcentiic it each end ind one 111 the center, and thiee connect 
mg links winch attich the cutter fume to the excentncs, and 
give it a sm ill lecipiocatmg motion Hie uppei cuttei is a little 
oblique so as to begin to act at the one end, and 111 lemovmg the 
stnps cuils them but vei) little * 

N ism) 111 Giskell and Co s vice foi cutting wide pieces of 
boilti pi do is b ised on the mode of cutting tlim slips ot sheet 
nut il over the (Imps of the oiclinaiy till vice as described on 
pure 01 M ( ) 1 he jaws of the michme ue about six feet long 

iuul with steel, and powerfully closed by two perpendicular 
s< icws and nuts, one at e ach end, which ilso secure the machine 
to the giound 

Hie plate of non is theiefore fixed honzontally and witlr the 
lino of division level with the jaws A strong rod chisel struck 
with sledge lnmmeis is applied successively along the angle 
formed between the woik and the vice, and after the non has 
be cn indented the whole length, tlie blows of the sledges directed 
ou the overhanging piece of non complete the sepaiation f 
b lg 9 13 represents the plan, and tig 934, the partial veitical 
section of 1 £ liydiaulic machine for cutting off copper bolts, 

* I hoi 11 cj ci oft s 1 atont sealed 31 st January 1843 is de cubed m the Repertoiy 
oil itint Inventions vol u Lnlirged Seues page 129 

| Nasmith Oxsl ell and Co s cutting vice is figuied m plate 49 of Buchanans 
Mill Woik, edited ]>y Sn G Rcnmc TRS 1841 

1 o 2 
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devised by Mi A M Renton, and constructed foi the Govern 
ment Dock Yaids by Messrs Cliailes Robinson & Son This 
machine is actuated by the hj di o mechanic il pimciple discovered 
by the c< lebi rtecl piedccessoi of the fhm, Mr Imiothy Ri am ah 
Hie ciiclem fig 933 lepiesents the cyhndei of a hydiostatic 
pi ess which is flattened to the width of the rectangulai bai that 
is fixed alongside the cyhndei, the two being enveloped m the 
external casting which is shaded m the section fig 931 and 
resembles a stunted pillar tlnee oi foui feet high The whole of 
the parts aie tiaveised by nine sets of holes suitable to bars fiom 
f to inches diameter, the holes wheie they meet on the lines 
b b, aie furnished with annulai steel cutteis and are enlaiged 
outwards each way to admit the woik more easily 

The lod i r, to be sheared is introduced whilst the holes aie 
dnectly opposite or continuous and the men then pump m the 
injection watei through the pipe w, it acts upon the annulus oi 
shouldei mteimediate between the two diameters of the cjlmdei, 



causes the descent of the lattei with a pressure of about 100 tons 
and forces the bar asunder veiy quietly, and fiom the annular 
form of the cutteis without bruising it When the bai has been 
cut off, the injection watei is allowed to flow out from beneath 
the cyhndei, and the lattei is raised by a loaded lever beneath 
the floor ready foi the next stioke The machine is far moie 
economical m its action, than the old mode of cutting off the 
copper bolts with a fiame saw used by hand and the storekeeper 
m charge of the bolts, can if needful pei foi m the entn e opei ation 
unassistedly, although usually foui men woik the pair of one inch 
injection pumps by a double ended lever as in a fiie engine 
In concluding this chapter it is pioposed to speak of the rotaiy 
shens for metal which have continuous action like lolleis and 
aie pietty generally used In the best form of the instillment, 
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two spindles connected togetliei by toothed wheels of equal size 
have each two thin disks ol difleient diameteis winch aie 
opposed to each other, that is a large and a small m the same 
plane, as in the diagiam fig 935, the laigei disks oveilap each 
othei and tiavel in lateral contact, and tlierefoie act just like 
sheais, and the two disks m each plane meet, 01 mthei neaily 
meet, so as just to giasp between them, after the m inner of flat 
ting lolleis, the two poits of the stnp of metil which have been 
seveied, and by cnrymg these foiwaid they continually lead the 
yet undivided part of the metal to the edges of the largei disks, 
which m this mannei quickly sepaiate the entire stnp of met d 
into two parts 

The machine requires that the spindle carrying the disks 
should have an adjustment for lateral distance as m flitting 
rolleis, to adapt their degree of sepaiationto the thickness ol the 
metal to be sheared One of the spindles should also h ive an 
endlong adjustment to bung the disks into exact liteial contact 
and the machine lequires m addition a fence 01 guide, fixed 
alongside the revolving slieais to determine the width of the 
ships cut off Sometimes the two smaller disks aie omitted 
and the largei alone used, as m fig 930,the cnculai shears aie 
then somewhat less exact in then action, but peifoim ncveithe 
less sufficiently well loi most puiposes 

Cnculai 01 lotaiy sheais, aie very useful foi shearing plates 
not exceeding one eighth of an inch thick, and one of the ad van 
tagos which the lotaiy possess ovei the common shears, is the 
facility with which curved lines imy be followed, on account of 
the small portion of the disks that are m contact whereas the 
length of l ectilmear shear blades pi event then ready application to 
curves Of course the speed at which the machines maybe duven 
depends on the natiu e of the woik, and if the cuts are sti aiglit and 
the plites light, the velocity of the sheais maj be considerable 
As remarked on page 188 of the fust volume, the cuculu 
shears oi splitting i oils used m the works wlieie wrought non is 
manufictuied, aie composed of steel disks of equil thickness, 
but of two diuncteis, arranged alternately upon two spnulles as 
m fig 9 17, so as at one action to split thin plates of non of about 
b inches m width into very nanow pieces known as nail lods 
md into stnps fiom li ilf to one inch wide designated as bundle 
oi split non Of coiusc dillcicut pairs of lolls uc ltquucd loi 
, vuy dilfinnt width of flic stnps thus mianiil actuied 
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SECT I—INTRODUCTION PUNCHES USLD WITHOUT GUIDES 

The title of the piesent chapter, may at the fiist glance, only 
appear to possess a veiy scanty xelation to the tools used m 
mechanical m imputation, as the ostensible purpose of a punch 
may be consideied to be only that of making a lound 01 squme 
hole m any thin substance Rut it fiequently happens th°t the 
small piece 01 chsl so lemoved by the punch, is the paiticulii 
object sought, and some of the veiy numeious objects thus made 
with punches assume a vei} great impoitance m the rnmufac 
turmg and commercial world as will peihaps be admitted when a 
few of these aie lefened to m the course of the present chaptei 

The geneial cliaiacter of a punch is that of a steel mstru 
ment the end of which is of precisely the foim of the substance 
to be lemoved by the punch, and which mstiument is foicibly 
driven thiough the matenal b} the blow of a hammer When the 
subject is enteitamed m amodeiately extended sense it will be 
seen that much vanety exists m the foims of the punches them 
selves and also m the modes by which the powei wheieby they 
aie actuated is applied 

So fai as 1 elates to the actual edges of the punches by which 
the matenals aie seveied the} maybe classed undo, two pimci 
pal divisions, namely duplex punches and single punches I lie 
duplex punches ha\e lectmgulai edges and aie used m pans 
often just the same as m sheais foi metal JLhe single punches 
have sometimes lectangulu hut geneiall} more acute edges 
the one side being mostly peipendiciuu 

The single punches xequxie a film suppoit of wood lead tm 
coppei, 01 some yielding matenal into which the edge of the 
punch may penetiate without liijui}, when it has passed thiough 
the material to be punched Consequently many of the tools 
the author has ventuied to considei as single punches might he 
classed with chisels and man} of the duplex punches might be 
classed with sheais analogies wind it is not woitli while cithci 
to puisue oi refute 
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ihe following classification Iits been attempted, as that best 
calculated to thiowmto sometlimg like older, the miscellaneous 
mstiuments tint will be moie 01 less fully descubed in this 
chapter namel\, 

Section I Punches used without guides 
, II Punches used with simple guides 
„ III Punches used in fly pi esses and miscellaneous 
examples of their pioducts 
, IY Punching maclnneiy used by engineer^ 

It is pioposed m all the sections to commence with those 
punches hiving the thinnest edges, aid which aie used foi the 
softest matenalo 

It would be hair 1 !) admitted that a carpenter s chisel dnven 
by a millet tliiough a piece of caid could be consideied as a 
punch, still the cnculir punch used with a mallet on a block of 
lead foi cutting out cncular disks of caid foi gun wadding is 
indisputably a punch and yet sc ucely moie than a chisel bent 
lound into a hoop The gun punch is foimed as in fig 938 ovei 
leaf ard is tinned conical without and cjhndncal within 011 itliei 
a little luger at the top that the waddings nnj fieely ascend, 
and mike then way out it the top tliiough the apeituie, when 
liowe\ei annulai punches exceed ibout 2 inches in diametei it 
is found a stiongei and bettei method, to make them as steel 
lings attached to iron stems oi centcis spieicl out at the ends 
to fill the lings, as m fig 9 i9 but holes aie then icquued to 
push out the disks that stick into the punch, as shown by the 
section beneath the figuie 919 

Ihe punch used m cutting out wafeis foi letteis is ncaily 
smallu, it being foimed as a thin cylinchic il tube of steel fitted 
to the end of a peifoiated biass cone lnvmg at the top two 
blanches foi the cioss handle, by wlncli it is piessed tliiough 
scveial of the faun iceous sheets and as the wafeis accumulate m 
the punch they escape at the top Confcctioneis use snmlai cut 
tcis m making lo/enges and frequently the thin steel cuttci is 
fixed to i stiaight peifonted handle of wood The lozenges aie 
cut out singly ind with a twist of the hind 

When the disk is the object leqmied the punch is always 
clnunfcicd cxtcuoil} is then the edge of the chsl is left squ uc 
and the cxtuuil oi wasted put is biuiscd oi bent but the 
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punch is made cylindrical without and conical within when the 
annulus or external substance is requned to have a keen edge 
And when pieces such as washeis 01 those lining centi il holes 
are required in card or leather, the punches aie sometimes con 
structed m two paits as shown sepaiated m fig 940 the inner 
being made to fit the outer punch, and their edges to fill on one 
plane so that one blow effects the two incisions and the punches 
may then be sepaiated for the lemoval of the woik should it 
stick fast between the two parts of the mstiument 

Punches of irregular and arbitrary forms, used foi cutting out 
paper, the leaves for artificial flowers, the figuied pieces of cloth 
for uniforms and similai things aie made precisely after the man 
ner of fig 938, and also of fig 939, except that they aie foigcd 



m the solid or without the loose nng These megular punches 
are however much moie tedious to m ike, than the circular,which 
admit of being fashioned m the lathe 

Figuied punches of much larger dimensions ha^e been of 
late used for cutting out the vanously formed papeis used m 
making envelopes foi letters The punch oi cuttei is sometimes 
made m one piece as a nng an inch to m inch and a half deep, 
oi else m several pieces screwed mound a cential plate of non 
and when the punch is sharp it is leadily forced thiough three to 
five hundred thicknesses of paper by the slow descent of the 
screw press m which it is worked Anny clothiers use similar 
instruments for cutting out the leathei for shoes and various 
other parts of militaiy clothing and sevei al of these punching oi 
cutting tools are often grouped together 

Pioceedmg to the punches used foi met il, those having tin 
thinnest edges aie known as hollow punches they uc turned 
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of venous diameteis fiom about ^ to 2 inches, and of the section 
fig 911 they aie always used on a block of lead, and sometimes 
foi two oi thiee thicknesses at a time of tinned non coppu oi 
zinc Punches 942, smaller than J inch, aie geneially solid, 
quite flat at the end, and aie also used on a block of lead which 
although it gives a momentary suppoit, yields and leceives into 
its suiface the little piece of metal punched out by the tool 

Fig 944, represents the punch used by smiths foi led hot 
iron the tool is solid and quite flat at the end, and whether it is 
round, square, or oblong in its section, as for producing the 
holes repiesented, it is parallel for a skoit distance then gia 
dually enlaiged, and afterwards hollowed for the hazel rod by 
which it is surrounded to constitute the handle (see foot note, 
page 202 vol l) Yanous practical remail s on the application 
of the smith s punches aie given on pages 215—217 of \ol l it 
will be thence seen that the smiths punch is frequently used 
along with a bottom or bed tool known m this c ise as a bolster 
and which has a hole exactly of the same aiea as the section of 
the punch itself 

Punches when used m combination with bolsteis are clearly 
similu m their action to the shears with lectangulu edges, as 
will be seen on comparing fig 943 and 914 the only difference 


lugs 913 911 915 



being that the stiaight blade of the shears, is to be considered 
as bent round into a solid cncle foi aenculu punch or comeitid 
into a squ ue, rectangle, or other figure as the case m ry be, but 
evuy prrt of the punch should meet rts counterp ut or the 
bolster m lateral contact the s line is loimcily expl untd m ufci 
cnce to slieris r l his supposes the tools to be acciu \U 1) m uh 
uidconcctly held b) the smith, but wlueh is somewh it dilhiult. 
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because, the bolstei, the woik and the punch, aie all tlnee 
simply built up loosel} upon the an\il and the eye can rendei 
but little judgment of then lelitive positions the punch is con 
sequently apt to be nnsdiiected so as to catch against the bolstei 
and damage both tools The mode sometimes used to avoid this 
inconvenience is repiesented m fig 945 m which a guide is 
mtioduced to dnect the punch but agieeably to the pioposed 
anangement this figuie will be more fully explained m the next 
section when some othei tools of alghtei description have been 
spoken of 

Pieviouslj howevei to concluding this piesent section atten 
tion is lequested to fig 946 which shows a punch used by haip 
makeis and otheis m cutting long moitises in sheet metal The 
punch is paiallelm thickness, and has m the centei a square 
point fi om which proceed seveial steps, this punch is used with a 
bolstei h ivmg a nanow slit, as long as the width of the punch 
A small hole is first drilled m the centei of the intended moitise, 
the fiist blow on the punch comeits this into a square the next 
cuts out two little pieces extending the hole into a shoit moitise 
and each successive blow cuts out a little piece fiom each end 
theieby extending the moitise if needful to the full width of the 
punch Fiona the giactuated action the method entails but little 
usk of bieakmg the punch oi bulging the metal, e\en if it 
should have but little width Sometimes to make the punch act 
Pss eneigetically at the commencement of ltswoik the steps it 
the point uen icle sin illei both m height and width the seriated 
elge then becomes cutved instead of angulai as shown 

SECT II-PUNCHES USED WITH SI IPEE GUIDES 

Beginning this section with the tools hwmg the most mute 
edges, we have to lefei to the punch plieis, fig 947, fitted with 
lound hollow punches for making holes m lexthei sti ips and thin 
matemls some plieis of this 1 md have a small oval punch tei 
mm atm g m a chisel edge, foi cutting those holes that have to be 
passed ovei buttons , and plieis li ive been m icle with ciiculu, 
squaie and tnangulai punches foi the ciuel piactice of maikmg 
sheep m the ear In all these tools the punch is made to close 
upon a small block of i\oiy oi coppoi so as to cn me the mile 
Aid hung cut through without mjuung tlie punch 
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Anothei example of slender chisel like punches is to he seen 
m Mi Rogei s machine foi cutting the teeth of liom and toi 
toiseshell combs (see page 130 vol 1 ) Ihe punch 01 chisel is 
m two paits slightly inclined and cuived it the ends to agiecm 
f 01 m with the outline of one tooth of the comb the cutter is 
atticlied to the end of a jointed aim moved up and down b} a 
ciank, so as to peneti ite ilmost tlnougli the matenal, and the 
uncut poition is so \ eiy thin, that it splits tlnougli at each stioke 
and leaves the two combs detached 

.Thelittle mstiumontcalled a pen making machine is anothei 
ingenious example of punches mouug on a joint, it is lepie 
sented of half its tiue size, and leidy to lcceive the pen, m fig 
918, md m fig 949 the two cuttcis ue shown of full size and 
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laid bick m a light line although m leility it only opens to a 
light angle llie lowci half has a sm dl steel cuttci b pointed 
to the ingle of the mbs of the pen and fluted to the cui\e of 
the quill is at a, the upper cuttei cl is made as an im cited angle 
withneaxly veitical edges as seen at e f winch exactly coirespond 
with the lowei cutter, so as between them to cut the shouldcis 
of the pen Ihc upper tool also emus a thin blade or chisel, 
winch penetntes neaily tlnougli the quill and foims the slit 
JLhe quill hiving been paiecl down to its centi il line, is 
mseited tlnougli the hollow joint, on the line f and the cutteis 
being vciyneai the joint the level on bung closed gives ibund 
ant powei foi the peneti ition of the punches Ihc pen icqmies 
to be aftei wilds nibbed, and foi which puipose anothei cuttci is 
ittichedto the mstiument which Ins likewise an oidmaiypou 
blicle, so as to be entnely complete m itself 

11 ns method of pioducmg a pen vn*> intioducod in a some 
what diffcicnt foim, m the 1 itc Mi r J imothy Li mnhs pitcnt 
nnchmciyloi nuking poitiblc quill puis, the baud of the quill 
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was in that case cut into two lengths and each length being split 
longitudinally into thiee parts, and shaped it each end in a smill 
fly pi ess with cutteis of the above chaiactei conveited eveiy 
quill into six double ended pens, many thousand boxes of which 
were made they may be considered to have opened the path to 
the present tiuly enoimous manufactuie of steel pens, which 
consumes m my tons of steel annually 
Passing fiom the punches with guides obtained by means of 
joints and actuated by the piessuie of the fingeis, we will 1 etuin 
to fig 945 on page 929 which with its simple guide becomes a 
veiy effective tool sometimes known as the hmimei press m con 
tiadistmction to the sciew oi fly press to be hereaftei spoken of 
-The guide in the contuvance fig 945 is a stiong piece of non 
attached to the bottom tool and sufficiently above it to admit the 
woik between the two Each pait is pieieed with a hole ol 
exactly the same size, and accuiately formed as if they weie 
inteinipted portions of the same hole The punch is made 
exactly to fit eitliei hole, so that fiom. the uppei it leceives a 
coirect guidance, and it therefoie cuts through the matenal and 
penetiates the lowei piece, with a degiee of precision andtiuth 
scaicely attainable when the tools aie unattached, and aie used 
simply upon the anvil as before described 

As however the punch mostly sticks tight m the woik it is 
needful to turn the instrument over, and drive out the punch 
withachift a little smaller than the punch and on which account 
punching tools of this kind are often made of two parallel plates 
of steel firmly united by sciews oi steady pins yet separated 
enough for the reception of the woik, and frequently conti iv 
ances aie added to guide the woiks to one fixed position, m 
oidei that any numbei of pieces may be punched exactly alike 
Thus in punching circular mortises as m the half of a pan of 
inside and outside callipers a, fig 950, the punch c is first used 
to produce the cential hole, and this punch is then left in the 
bed b, to retain the woik during the action of the second punch 
m by which the mortise is cut The punch w. is veiy short to 
avoid the chance of its being bioken, and it is also nauow so 
is to embrace only a shoit poition of the moitise, which is then 
completed with little nsk to the tool, at three oi four strokes 
whilst the punch c serves is a centi il guide 
Occ isionally also punches of this simple kind, but onalugci 
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sole have been placed undei chop hammers, fallingfiom aeon 
sideiable height through guide rods, somewhat as in a pile 
diivmg machine 11ns mode of obtlining powei is not suited 
to the iction of punches used m cutting out metals amongst 
other reasons, bee iuse the punch sticks very hud in the peifo 
i ition it lias made, and requires some contmance foi pulling it 
out which is not so easily obtained in this appaiatus as m fly 
pieases, tint aie suited ilil e to luge and small woiks 

Ihe chop liammei 01 as it is moie commonly called a foice 
is howevei, vei} much used it Bnmmgliamm the manufacture 
of stamped woik, or such as aie figured between dies, of which 
an example is described at length in piges 109 L 410 of vol 1 
Compiled with a fly pi ess of equil powei the foice is less 
expensive m its hist construction, hut it is also less accurate m 
its performance 

lug 951 is a \eiy simple jet effective tool which maybe 
viewed as a simplification of the fly pi css it consists of one 
vuy stiong piece of wiought non, about one inch thick uid 
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foui or five inches wide, thickened at the ends and Lent into the 
fonn lepiescnted, the one extiemity is tipped to leceive a coaisc 
sciew, the end of which is formed as a cjlindncal pm, oi punch 
th it is sometimes made m the solid with the screw, but more 
usually as a hardened steel plug nisei ted m a hole m the screw 
Immediately opposite to the punch is another hole m the pi ess 
the extiemity of which is fitted with a hardened steel ring or 
heel punch When the screw is tinned lound by a lever about 
thice lect long it will make holes as laige as } inch diameter 
m pi ites y inch thick, and is therefore occasion illy useful 
to boilci m ikcis foi lepans, and also foi fitting woiks m con 
fined situations about the holds of ships, and othci piuposcs 
When lln c scicw is turned backwards the punch is drawn out 
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^ind lelievecl from the work but the sciewmg motion is apt to 
wear out the end and side of the punch and theiefoie to altei 
its dimensions 

A very convenient mstiument of exactly the sinie 1 ind is 
used m punching the holes in leathei stiaps by which they no 
laced togetliei with leathei thongs 01 united by sciews and nuts 
to constitute the endless binds 01 belts used mduvingmachinei} 
In this case the frame of the tool is made of gun metal, and weighs 
only a few ounces the end of the sciew is formed as a cutting 
punch and it is peifoiated thioughout that the little cjlmdeis 
of leathei may woik out thiough the sciew, which only lequncs 
a cioss handle to adapt it to the thumb ind hngeis 

In this case the sciewmg motion is desn ible, as the punch m 
re\olvmg acts paitlv as a knife, and theiefoie cuts with gieat 
facilit} as the le ithei is suppoited by the gun metal winch con 
statutes the clamp 01 bod} of the tool 


SECT III PUNCHED USED IN ELY PPESSrS AND MISCEIIANEOUS 
EXUIPIES Or THEir PRODUCTS 

The punches used m fb piesses do not diffei matenally 
fiom those alieady descnbed, but it appeals needful to com 
mence this section, with some explanation of the piincipalmodi 
fications of the pi ess itself 4 he fi} pi ess is a most useful 
machine winch, independently of the punch or dies wheiewith 
it is usel maj be consitleied as a means of giving a liaid, 
imeiung peipendiculai blow as if with a powerful well dnected 
lnmmei Ihe piecision of the blow is attained b} the slide 
wheieb} the punch it guided the force of the blow by the heavy 
ievoking fl} attached to the sciew of the press When the 
machine is used the fl} is put m lapid motion, and then sud 
deni} uiested bv the dies oi cutteis coming m contact with the 
subst mce submitted to then action The entne momentum of 
the fly clnected by the agency of tlie screw is theiefoie instill 
taneously expended on the woik to be punched or stamped and 
the le action is fiequently such as to make the sciew lecoil to 
neaily its fiist position 

The haie enumei ition of the multitude of articles tli it ue 
paitially oi wholly piodueed m fl} presses, would extend to con 
sidei tble length, as this powerful and rapid auxiliary is not only 
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employed m punching holes and cutting out numeious aiticles 
fiom sheets of metil and otliei matenxls but also m moulding 
stamping bending 01 luising thin metals into a vuiety of shapes 
andlil ewise in impiessmg otheis with devices asm medals and 
coins 

Fig 952 lepiesents a fl} press of the oidmaiy construction, 
that is used foi cutting out woiks mu is thence called a cutting 
picss m conti adistmction to the stamping 01 coming presses It 
will be seen the bod} of the pi ess winch is veiy stiong is lived 
upon a bed 01 base that is at light angles to the sciew the 
latter is veiy coaise in its 
pitch and has a double 01 
tuple squaie thread the 
use of which is fiom about 
one to & x inches in e\eiy 
levolution Ihc nut of 
the sciew is mostly of gun 
metal and fixed m the 
uppei pait oi heid of the 
pi ess I lie top of the 

sciew is squxie 01 lievi 
gonal, and camcs a level 
of wiought non teimiiixt 
mg m two solid cast non 
b ills that constitute the 
fly, md fi oin the level the 
additional piece h, descends to the level of the dies to serve is 
the handle, so that the left hand nny be used in appljmg the 
matenal to be punched whilst the u to ht li ind of the opciatoi is 
employed m woikmg the picss 

Ihe screw is generally attached to a squaie hai called the fol 
loner , which fits xcciuatcly in a conespondmg apeituie and is 
strictly m a line with the sciew and to the followci is att xchcd 
the punch shown detached at a r Ihe punch is sometimes fitted 
mto a nexily cylindrical hole md retimed by a tiansxcisc pm 
oi i side sciew, but moic geneiall) the die is screwed into Hie 
followci, like the chucks of some turning lathes the bed oi hot 
tom die c which is made stnctly pai xllel lists on the bxsc oi the 
picso, and is letamed m position by the foui scicws tint pass 
tlnough the foui blocks exiled dogs these scicws, which point 
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a little downwards allow the die to be accurately adjusted so 
that the punch may descend into it without catching at any 
part, and thereby inflicting an mjuiy to the tools 

Ihe piece b which lests neaily m contact with the die is 
called the pulley off, it is peifoiatecl, to illow fiee piss ige to the 
punch when the lattei rises, it canies up with it foi a shoit 
distance the peifoiated sheet of metal that has been punched 
through, but which is held back by the puller off whilst the 
punch continuing its ascent uses above the puller off and leaves 
behind the sheet of metal so released, the sheet is again pi iced in 
position whilst another piece is punched out and so on continually 

Before proceeding to speik of some of the works produced m 
st unpmg presses it is proposed to describe some of the points 
of difference met with m fly presses 

The body of a cutting pi ess is m geneial mide with one aim, 
as lepiesented mfig 1)92, because the sheet of metal cm be more 
fieely applied to the die, but stamping and coming presses 
which aie used foi pieces that have been previously cut out 
lequnegieatei strength, and have two aims, 01 are made some 
what as a stiong lofty budge with the sciew in the center 
ihe fly of the piess is frequently made as a lieavj wheel which 
may be more missue and is less dangerous to bystanders than 
the lever and bills and m luge presses there aie two, thiee or 
four handles fixed to the mn as many men then run lound with 
the fly and leL go when the blow is struck 

Fly presses are \ anously woiked by steam power thus m the 
Royal Mint the twelve pi esses for cutting out the blanks 01 disks 
for com, aie uranged m a cnole aiound a heavy fly wheel which 
revolves horizontally by means of the steam engine Ihe wheel 
has one projecting tooth or cam which citches successively the 
twelve 1 adnl levels fixed iu the screws of the piesses, to cut the 
blanks and twelve spnngs immediately letuin the seveial levels 
to then first positions, leady for the next pissage of the cam on 
the wheel 

Ihe fly and sciew are also worked by power m some cases 
by an excentuc oi ci ink movement fixed at a distance, a long 
connecting rod then unites the crank to an aim of the wheel or 
to i stiaight level, and gives it a iccipiocitmg movement 
At other times, m pi ice of the ermk motion are ingeniously 



COINING PRESSES, TOGGLE JOINT, AND OTHER PI ESSES 937 

substituted a piston and cylinder woiked aftei the mannei of an 
oscillating steam engine, if we imagine the boiler to be supeisoded 
by a large chambei, exhausted by the steam engine neatly to i 
-vacuum thus constituting an an engine, the one side of the piston 
being opened foi a penod to the exhausted chamber whilst the 
othei leceives the full piessuie of the atmospheie This mode is 
adopted m seveial Mints constructed by Mi Hague of London 
foi foieign countnes, and the autlioi believes it is ilso employed 
foi the stamping 01 coming pi esses of our national Mint 1 
In the manufictuio of steel pens, (see page 012 0) it is 
impoitant to have an exact contiol o\ei the punches which cut 
the slits and those which maik the msciiptions as by descending 
too fai they might disfigme the steel oi even cut it tluough 
Accoidmgly Mi Moidan intioduced between the head of the 
pi ess and the level, an adjustable ling which acts as a stop 
and only allows the punches to descend to one definite chstuice 
until m f act the img is pinched between the picss and levci 
The sciew of the fly piess is sometimes supcisedcd by a con 
tuvance known both as the toggle joint and as the knee joint 
Ilie two puts a, b and b, c, fig 053, aie jointed to each othei it/;, 



the extiemity a is jointed to the uppoi pait ol the pics°, and 
c, to the top of the followci When the puts a b, and b t uc 
inclined at i small angle, the exticnntics «, uni < aie hi ought 
closei togcthoi, and liise the followci hut when the two Icvcl^ 
aie stilightened, a and c sepuatc with a minute dune oi 
motion, but almost mcsistiblc powei, cspccullj tow aids the 
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completion of the stroke The bending and straightening of the 
toggle joint, is effected by the revolution of a small crank, united 
to the point b fig 958, by a connecting rod b f 

Piesses with the toggle joint are perfectly suited to cutting 
out woiks with punches and bolsters provided the relative thick 
ness of the work and tools are such, as to bring to bear the 
strongest point of the mechanical action at the moment the 
greatest resistance occurs m the woi k but as the fly press with a 
sciew is m all cases powerful alike, nrespective of such propor 
tions, provided alone that there is sufficient movement to create 
the required momentum, the fly pi ess is more geneially useful 

The cut 954 refers to a level pi ess woiked by an excentnc, 
and used in cutting brads and nails, which will be again alluded 
to when this manufacture is briefly noticed 

It is now intended to describe a few examples of woiks exe 
cuted m fly presses giving the prefeience to those appertaining 
to mechanism 

The round disks of metal for com aie alwaj^s cut out with the 
fly press and are then called blanks, the punch being a solid 
cylinder, the bed or bolster a hollow cylinder that exactly fits it 
In the gold cunency, more especially great care is taken to make 
these punches asneaily as it is possible mathematically alike m 
diametei, and the sheets of gold also mathematically alike in 
thickness, by aid of the di awing rollers or rather diawmg cylinders 
leferred to m vol 1 page 428 , but notwithstanding every pie 
caution the pieces oi blanks when thus piepaied, do not always 
weigh strictly alike This minute difference is most ingeniously 
remedied, by using the one error as a compensation for the 
other Trial is made at each end of eveiy stup of gold and 
by cutting the thicker gold with the smallei punches, the adjust 
ment is effected with the needful degree of accuracy so that 
every piece is made cnfitically tiue m weight without the tedious 
necessity for weighing and scraping otherwise needful 

Buttons are m icle m enormous quantities by means of the fly 
press That metal buttons should be thus cut out with tools and 
stamped with dies, will be immediately obvious to all, but the fly 
press has been also moie or less employed m making buttons 
of hoin shell, wood, papiei maclu and some otliei matenals 
Amongst otheis may be noticed the silk buttons called, Floientme 
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buttons, eacli of which consists of seveial pieces that are cut out 
m piesses then enveloped by the silk covenng and clasped 
together at the back, (lti the press ) by a peiforated iron disk 
the margin of which is formed into 6 or 8 points that clutch and 
hold the silk, whilst the cloth by which the button is sewed on is 
at the same time protruded through the centei hole m the back 
plate of the silk button details that may be easily inspected by 
pulling one of them to pieces Indeed great ingenuity has been 
displayed, and many patents have been granted, foi making this 
necessary article of dress, a button 

Round washers that aie placed under bolts and nuts m 
machinery, aie punched out just like the blanks fox com, 
although m punching the larger washers that measuie 5 and 
6 inches m diametei and J inch thick, with the ordinary fly 
piesses the iron requires to be made red hot 

The round or square holes in the washers aie made at a second 
piocess with othei tools and to ensme the centiality of the holes, 
some land of stop is tempoianly affixed to the lower tool The 
more complete stop is a thin plate of non hollowed out at an 
angle of from 90 to 120 degrees and screwed on the top of the 
bed as tlnsmaj he set foiwaid to suit various di imeteis But the 
more usual plan is to dull two holes m the bed to duve m two 
wires and to bend then ends flat down towards the cential hole 
as also shown m fig 955 ovcileaf the ends of the wires aie filed 
away until after a few tri ils it is found the blank when held 
in contact with the stops by the left hand is truly pien ed, tlie 
whole quantity miy be then pioceeded with as lapidly as the 
hands can be used, with confidence m the centiality of all the 
holes thus produced 

Chains with flat links that are used m machinery aie made m 
the fly piess Ihe links are cut out of the foim shown at a , fig 
956 the holes are afterwards punched just as in washeis and one 
at a time cveiy blank being so held that its cucular extremity 
touches the stops on the bed or die, and thereby the two holes 
become equidistant m all the links which are afteiwards strung 
together by inserting wne rivets through the holes 

Ihe pins or rivets for tlie links are cut off from the length of 
wne m the fly piess by a pan of cutteis like wide chisels with 
square edges, assisted by a stop to keep the pms of one length 
or by one sti right cuttei and an angulu cutter hollowed to about 
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GO degiees oi by two cutters each hollowed to 90 degiees In 
the three cases the wire is respectively cut fiom two thiee, oi 
four equidistant paits of its cncumfeienfte semicnculai cutteis 
aie also used The stiaight cutteis fiist named, aie moieover 
veiy usefully employed m the fly pi ess for many of the smaller 
voil s that would otheiwise he done with sheais 

Sometimes the succession of the links for the chain is one and 
two links alternately as at b fig 05 G at othei times S and 0 or 
4 and 3 links, as at c, and so foith up to about 9 and 8 links 

Pig 5 ? 955 a b c 



alternately which are sometimes used and the wnes when nisei ted 
are slightly liveted at the ends 

lhe pm is geneially the weakest pait of the chain and gives 
way fiist but m the chains with 8 and 9 links the pm must be cut 
thiough at 16 places simultaneously, befoie the chain will yield 
Chains aie sometimes intended to catch on pins oi piojections 
aiound a wheel of the kind shown m fig 958 to fulfil the office 
of leathei bands without the possibility of the slipping which 
is apt to occui wit 1 bands when subjected to unusual stiams 
Such chains aie made affcei the mannei shown m fig 957 
to constitute the squaie openings that fit ovei the pins of the 
wheel the cential links aie made slioitei by which means the 
apeituies me biought closei togethei than if the longei lmls 
weie used thioughout Fig 959 shows a diffeient 1 md of chain, 
that has been used foi c itching m the teeth of an oichnaiy spin 
wheel with epicycloidal teeth the autlioi belieaes this chain 
to have been invented by the late Mi John Oldham, Engineer 
to the Bank of England 

Chains foi witches time pieces, and small maclnneiy, aie 
too minute to be made as above dcscubed theiefoie the slip 
of steel is fiist punched thiough with the nvet holes lequncd 
for a niraibei ol links, by me ins of a punch m which two steel 
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wnes axe mseited the distance between the intended links is 
ohtlined (somewhat as m file cutting,) by lestmg the buns of 
the two pievious holes against the shup edge of the bed 01 
bolstei The links are afterwards cut out by a punch and bolster 
of the kind aheady noticed, but very minute, and the punch has 
two pins mseited at the distance of the nvet holes, the slip of 
steel being eveiy time fitted by two of the holes to these pins, 
all the links aie thcieby (ut centi illy uound the nvet holes 
ilie tools aie earned m a thick block having i peipendicuhi 
squaie hole fitted with a stout squaie bn, the lattci is dnven 
with a lnmmer, which is suppoited on pivots 1 used by i spnng 
and woikod by a pedal but when the links measuic fiom [ to l 
an inch m length, such tools aie woiked by a sciew 

The punches ue fitted to the side of the squaie bai,in a pro 
jectmg loop 01 moitise, and secuied by a wedge They aie 
dulled with holes foi the pms, and acioss each punch thue is a 
deep notch to expose the levcise ends of the pms, m older 
that when bioken they may be dnven out and leplaoecl The 
pms aie tiper pointed that they may laise buns, instead of 
cutting the metd clem out, and being tipci, no pullei off is 
lequned, and the bed tools aie fitted m chmifei giooves m the 
base of this old }et veiy efficient mstniment 

A luge chun foi a pocl ct < lnonometci nowbefoie the authoi, 
mcasmes neaily 11 inches m length, and contains m eveiy inch 
of its length 22 nvets and also d_> links (m tlnee lows) the 
total numbci of pieces in Iho chain is theiefoie /7Q, and its 
weight is 9 1 giams A clum foi a small pocket w itch measiucs 
6 inches m length, and has 12 rivets and G1 links m every mcli m 
all 630 pieces, and yet the entuc chain only weighs one gi am and 
three quartern 

The squaie links of chains foi jcwelleiy aie often cut out with 
punches, the extenoi and mtcuoi being each led mguhu aflci 
which each alternate link is slit with a fine saw foi the mtiodut 
tion of the two contiguous links mcl then soldcicd togethei so 
tint the g*ps become filled up Othci chains ue cliawn as 
squue tubes and cut off in shoit lengths with a saw these diei 
lnvmg been stmng togethei aie often di iwn tluough a diaw 
phtc with lound holes to constitut( eh tins which ]>ic suit in 
almost continuous cjlmdncal sud ice like lound wue , i veiy 
ne at m uiuf u tin e mvrnted m h i nice 
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The teeth of saws are foi the most part cut m the fly 
press 1 eeth of the foims figs 643 to 647 page 684 whether 
laige^ oi smxlliequire but one punch the sides of which meet at 
60 degiees 1 wo studs xro used to duect the edge of the blade 
foi the saw to the punch, at the required angle depending on the 
pitch oi inclination of the teeth and an adjustable stop detei 
mines die space oi interval from tooth to tooth, by catching 
against the side of the last tooth previously made Gullet 
teeth figs G jO to 653 and the vanous other kinds shown, 
lequiie punches of then several compounded figures, xnd of 
diffeient dimensions of each size of tooth 

The teeth of cncular saws aie similarly punched out by 
mounting the peifoiated cncular disk on a pm oi axis, but m 
cutting the list six oi eight teeth it is needful to be watchful so 
as to divide the remaining space into moderxtely equal paits 

In cutting the teeth of circular saws not exceeding 12 inches 
di imetei, Iloltz xpfiel and Co have been m the habit of mount 
mg the steel plxtes on a spindle in a lathe with a dividing plate, 
and using a punch and bed fitted to a square socket fixed 
horizontally m the ordmxry rest oi support foi the tinning 
tool the punch being driven thiough the plate by one revolution 
ol i snarl oi cam, by means of a winch handle and tin own back 
by a spung In this arrangement the dividing plate ensuies the 
exact dimensions and equality of the teeth which are lapidly and 
accuiately cut 

I he copper caps for percussion guns are punched out m the 
foim of a cioss with short equal arms or sometimes m a similar 
shape with only tlneo aims, and the blanks after having been 
mine xled, are thrown into form b} means of dies, which fold up 
the aims xnd unite them to constitute the tubular part whilst the 
centi xl put of the metil foims the top of the cap that leceives 
the composition and sustims the blow of the hammer 

Steel pens aie another most prolific example of the result of 
thefly pi css they pass thiough the hands manj times, and require 
to be submitted to the iction of numeious dies, to five of which 
alone we shall adveit The blanks aie cut by dies of the usual 
kmd so is m gen ci il to pioduce aflat piece of the exterior 
foim of fig 960 page 9If, the square mortise at the bottom of 
the slit is then punched through the next process is usually 
to stuke on the blanks the m iker’s name 



LAHIVIERE b PLKI ORATED SHEEI METALS 


943 


The slit is now cut b) a thm chisel like cutter, which makes 
an angular gap nearly thiough the steel, fiom that side of the 
metal intended tofoim themnei 01 concave part of the pen and 
the act of culling up the pen into the channelled foim, bungs 
the mgular sides of the gioove into contact, lendeling the slit 
almost invisible The slit which is as yet only pait way through 
the pen is m genei il completed m the process of hardening, 
(see vol i page 249 ) as the sudden tiansition into the cooling 
liquid geneially causes the little poition jet solid to ciack 
thiough, oi else the slit lemaius unfinished until the moment 
the pen is piessed on the nail to open and examine its nibs 
Lanvieie s perfoiated plates foi stiamers lanterns,meat safes, 
colandeis and numeious other articles exhibit great delicacy and 
accuracym the mode m which they are punched out, the tools 
are illustrated by the enlaiged sections, fig 961 overleaf The 
punch consists of a plate of steel called the punch plate, which 
is m some cases pieiced with only one single line of equi 
distant holes, that aie counteisunk on their upper extiemities 
Every hole is filled with a small cylmducal punch made of steel 
wne, the end of which is bumped up or upset to form a head 
that fills the chamfer m the punch plate so that the punch 
c mnot be diawn out by the woik m the ascent of the piess 
lhe bed punch oi matux has a number of equidrstant holes 
coiresponding most exactly with the punches In this case the 
holes m the woik aic punched out one line at a time, and 
between each descent of the punches, the sheet of metal is 
shifted lata all) by a screw slide, until it is m proper position 
to receive the adjoining line of holes 

At other times the tool instead of having only one line of 
punches is wide and entnely covered with several lines, so as to 
punch some hundreds or even thousands of holes at one time 
For cnculai plates the punches are sometimes arranged m one 
ladiallme but more usually, the whole of the punches required 
for the fourth, sixth, or eighth pait of the circular disk aie placed 
in the form of a sector and the central hole having been first 
punched, is made to serve as the guide for thefoiu, six, or eight 
positions, at which these beiutiful tools are applied 

M my of the thm plitcs thus punched require to be strained 
like the herd of a dium to keep the metal flat, m which case the 
metil is giasped between little clamps or vices around its foui 



LARIVIMES AhD JEEEERIS’ IATENTS 

edges and then sti etched by appropnate screws and slides with 
•which the appai itus is furnished and the same mechanism pie 
vents the metal fiom using and theiefoie fulfils the office of 
the pullei off commonly used with punches 

Ihe constiuction of the tools above described, calls for the 
gieitest degree of precision the dull emplojed to pierce the 
punch and mitiix is of the lmd fig 474 page 547 and of 
exceedingly small size m the finest peifoiated works, as it is 
Figs 960 961 962 



said so many as six or seven hundred holes have been inserted 
m the length of six inches which, considering the intervening 
spaces to be half as wide as the dumetei of the holes would 
make the litter of the minute size of only six thousandths of an 
inch diametei Such finely perforated metal appears to offer 
nearlj the transparency of muslin and is a manifest pi oof of 
the great skill displayed m the construction of the instruments 
and m conducting the entire process * 

Mr Julius Jeffeiys Patent Respirator or bieath warming 
apparatus foi persons having delicate lungs presents another 
\ei} neat example of punched works Mostpeisons will have 
hid an oppoitrinity of seeing that the appar itus consists of 
about a dozen veiy thin plates of metal punched out with seveial 
rows of luge rectangular holes leaving the metal like a delicate 
lattice these lattices are severally wound round with fine wire 
and then assembled together between perforated coveis r llie 
exhalation of the bieath amidst the interstices of the wires 
warms the instrument and the instrument in return, warms 
the in tli it is inh iled by the wearer 

lo return to the operation of punching the lattices, it is to 

* M Marc Lai mu e s patent ww gianted 28th Nov 1825 and is descubed m 
the Repeitory of Patent Inventions vol ill 3id Senes, page 182 Some other 
piiticuhis ue to be found m Gills lechnical Repo&itoiy, yol 1826, page 75 
ti an-dated from the Bibi Umv , foi Dec 1824 
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be observed these measure from center to center half an inch m 
length xncl one fifth of an inch m breadth, tne bed punch which 
is represented m fig 902 is a piece of steel about \ inch thick, 
having a central aperture, inches long, and 18 hundredths of 
an inch wide as the long bars of the lattices are two hundredths 
wide Six. tians\erse notches, one eighth of an inch deep and 
half an inch xsunder aie then made across the bed with x cir 
culu saw thiee hundredths of an inch thick the giooves aie 
fitted v ltli slips of liaidened steel, after which the whole is 
ground to a level surface The punch is a plate of steel 3^ 
inches wide and 18 thick, across which six notches about \ inch 
deep are also made with the circular saw at mtervils of \ inch 
I he pi ess has a puller off or stop much as usual, and at the 
bxck it Ins a long screw of five threads m the inch the nut of 
which has two square pms exactly like the two extenoi portions 
of the punch Hie coppei, which measures about one liun 
diedtli of in inch thick is cut m long wide strips and one row 
of holes having been punched the piece is hooked on the two 
pins of the nut, and when the screw has moved once round 
undei the governxnce of a spring catch a second row of holes 
is punched exactly one fifth of an inch fiom the former and so 
on When five lows ha\e been punched the screw is moved 
two turns to leave a wide nb, and another senes of five rows 
is punched and so on alternately and afterwards the 1 ittices 
aie separated through the wide nbs with a pan of shears borne 
of the lattices of small respmxtors have only six lows m the 
long and lour m the narrow direction, and others frve rows by 
three, thus making three distinct sizes with the same tools, and 
all present a most beautiful regularity and slenderness * 

All the foregoing examples of punched woiks, suppose the 
punch to have been fixed to the follower of the press, and the 
matnx to the base of the same, m which case the bed punch 
lequnes to he very exactly adjusted by the set screws or dogs of 
the pi ess But it remans m concluding this section, to advert 
to a different arrangement m winch the cutting tools are quite 
detached, and aie fai less liable to accident or fractuie, even 


1 Patent gi nited to Mi Julius IdTeiys for lus impio vernon Is in cunn„ ot 
lclicvmg disoidcis w tlio lnn rt B Scaled, 23id Jinuary 18 6 1 ublislied m 
1 ipuloiy ol 1 xtent Inventions vol vi 4tli Sciiob pigo 211 Tlio pitont 
icspn itoi is voiy tully dcbcnbcd, Put not bo tlio nncluneiy 
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when tlie punches aie of veiy large aiea and complicated figure, 
than when constiucted m the oidmaiy mannei with a shank 
by which they aie united to the follower of the pi ess In this 
piesent case the pi ess has merel} two flit surfaces six or eight 
inches m diametei 01 square and of similar size, theieby more 
nearly resembling a liammei and anvil of a veiy powerful and 
exact kind, to which the fly pi ess was fiist compaied 

Punches to be used m this mannei, foi woiks with vanous 
detached apeituies requiring any especial anangement, and for 
vanous stiagglmg and complicated objects, are constiucted as 
shown m figs 963 to 965 Theie aie two steel plates some 
what larger than the work and from T \ to f thick the plates 
are hinged together like the leaves of a book, but are placed 
sufficiently distant, to admit between them the work to be 
stamped out and which is pinched between them by a thumb 
screw a The two plates whilst folded togethei, are perforated 
with all the apertures required m the work, which perforations 
may be eithei detached, continuous, or ananged m any orna 
mental design that may be lequired do all the apertures aie 
fitted punches which m length or vertical height, aie about one 
eighth of an inch longei than the thickness of the uppei plate, 
so as to stand up one eighth when resting on the material to be 
punched, as seen m the partial section 965 m which the work 
is shaded obliquely and the punch veiticollj 

As it would be difficult to fit the punches m one single piece 
to the ornamental oi straggling parts of some devices and as 
moieovei such laige and complicated punches, would be almost 
sure to become distorted m the haidemng oi broken when m 
use the difficulty is boldly met, by makiug the punch of as 
many small pieces as circumstances may rendei desnable but 
which pieces must collectively fill up ill the inteistices of the 
plate 

In using these punching tools, it is only necessaiy fiist to fix 
between the plates the metal to be pieiced then to mseit all the 
punches into their respective apertuies, and lastly to give the 
whole one blow between the flat disks of a powerful fly pi ess, 
this drives all the punches through the work, and leaves them 
flush with the upper suiface The whole is then removed fiom 
the pi ess, and placed ovei an apeiture m the woik bench, and 
with a small dnft and hammer the punches are dnven out of the 
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plrtes into a diawei beneath and on the plates being separated, 
the work will be found to be exactly perfoiated to the same 
design as that of the tool itself or with any part of the design 
instead of the whole if pait onl} of the punches were inserted m 
then respectne places The punches aie selected from amidst 
the conespondmg pieces of biass which latter are laid on one 
side, and the loutme is lecommenced 

It is by this ingenious application of punches that buhl works 
aie st imped rs lefened to m the foot note page 737 of this 
volume If i hone} suckle should be the device, the piece of 
biass is first placed between the plite and punched out and 
piovided the punches aie of the same length, the honeysuckle 



is removed m one piece although the punch maj be m seveial 
the wood is xftciwnds inserted rnd is punched to exactly the 
same form so that the brass honeysuckle will be found to fitm 
the most peifect manner as it is an exact counteipart of the 
removed wood 

I he piocess is very economical and exact but is only suited 
to large designs, because of the nijuiyit would otherwise inflict 
on the wood and on account of the expense of the tools, the 
mode is only proper for those patterns of winch very large num 
bers are wanted a whereas the buhl saw is not liable to these 
limitations but is of univeisal, although less rapid application 

Cut h ads and nails 01 those which instead of being forged, are 
cut out of sheet non by maclunci j constitute the last example it 
is proposed to advance m this section 

Brads of the most simple land as in fig 966 have no herds 
but aie simply wedge form, and aie cut out ol strips of sheet 
non equal rn width to the length of the biads, these stops aie 
slit with circular shears, tmusvei sely from the ends of the sheets 






948 


THE MANUFACTURE OF GUT BRADS AND NAILS 


of iron so that the fibie of the non may run lengthways through 
the nails 

When such biads aie cut m the fly piess the bed has a 
lectangulai moitise shown by the strong black line m fig 966 the 
punch is made lather long and lect rngular so as exactly to fill 
the bed, but the last portion of the punch say tor half an inch of 
its length is nicked in, or filed back exactly to the size md angle 
of the biad as shown m the inverted plan m which the shaded 
poition shows the reduced part 01 tail of the punch lire punch 
is ne\ er raised entnely out of the bed m oidei that the stup 
of metal may be put so fai o\ei the hole m the bed, as the tail 
of the punch will allow it, and also m contact with a stop 01 pm 
fixed to the bed and m the descent of the punch its outei 01 
rectangular edge removes the brad 

The strip of metal is turned ovei between every descent of the 
press so as to cut the head of the one biad from the point of tli it 
previously made md the double guides affoided by the till md 
stop enable this to be veiy quickly and tiuly done The upper, 
surface of the bed is not quite honzontal but a little inclined, so 
that tne cutting may commence at the point of the biad, and 
thereby cuil it less than if the tools met m absolute paiallehsm 

In cutting biads that have heads the generalarr mgementsaie 
somewhat different as expl lined m the diagram fig 967, m which 
as before, the rectangular apeiture m the bottom tool is bounded 
by the strong black line, the tail of the punch is shaded, the stop 
Sy is situated as fai be} ond the apeituie m the bed as the vertical 
height of the head, and it is so made that the small pait which 
extends to the right overhangs the slip of non that is being cut 
after the mannei of a pullei off but the overhanging paitonly 
comes into action when the slip is tilted up either b\ accident or 
from being so short as to give an insufficient purchase for the 
hand It is also to be observed that the wrdth of the point of 
the biad is just equal to the projection of its head 

On the end of the stup of non being first applied a wedge 
form piece is cut off exactly equal to the difference between the 
tail of the punch and the bed, and a little projection is left neai s 
and which projection, after the iron is turned over, iests against 
the tail of the punch, as shown in the figure so that the succeed 
mg cut removes the one brad md forms the head of the follow 
mg the tail of the punch being inclined to the precise angle 
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drawn fiom the point to the head of the brad, as denoted m 
tlie diagram 

When as it is more usual, brads are cut out by steam power, 
the cutteis are not woiked m a fly press, but the moving cutter 
is commonly fixed at the end of a long aim which is moved rapidly 
up and down by a crank, the strip of metal is held m a spring 
clamp, terminating in an iron rod, which rests m a Y or folk, 
so that the boy who attends the machine can turn the metal over 
very lapidly between every alternation of the machine, these 
paiticulirs aie shown m fig 954, page 937 

The machine fig 951, may be used for brads either with or 
without heads, it is however always necessary to turn the iron 
over between eveiy cut, but m the toggle pi ess fig 953 on the 
same page and which acts much more quickly, it is not requisite 
to levcrse the metal as the entne press is moved on its pivots 
e e by the lod g , so as to incline the pi ess alternately to the 
light and left, to the angle of such nails as aie simply wedge 
form oi hare no heads, as m fig 9GG page 947 

In some machines lesemblmg fig 954, the nail as soon as cut 
off is giasped m a pan of forceps or dies, whilst a hammer, also 
moved b} the machine stnkes a blow that upsets the metal and 
constitutes the fi it he id m the kinds known as cut nails, and tacks A 

1 Jlie fast patent foi mil mg nails tint the mtlior his mot with was granted 
to Jolm CliiToid 1/tli July 17)0 (sol 1 epoitoiy of 1 itont Inventions 1st Sui< 
vol mi p 217) I lit mode picfcncd by tho pitontu wu to unploy two lollcis 
oi non faced with steel m winch weio suul impiesirons of the mils lnlf in cioli 
lollti 4he indent itions wclo an inged ciicumfcicntnlly with the heads and tul 
in contact, bo as to ovfccnd tho gioovcs iiound the lollci and loll the whole lod oi 
non into i stung of nails which requnod to he sopuitcd from each other with 
shears nippers or other usual moms bomotiraos ramy grooves wuo cut aiound 
the i oilers md a shoot of non was then convex ted into sevoixl strings of nails 
tk it lcquuod to he sepaiated nculy as bofon 

J ho same mvcntoi took out a socond patent about six months later foi a method 
of mal mg mils by punching llie plates of metal were forged oi idled tipoi to 
the ingle of the mils md weie then cut up by a punch and bod each made tapei 
md ilso to the an a le cf the mil Nills thit roquuod heads weio ifteiwuds put 
m to a holding tool oi bed having a tipoi hole of conespondmg foirn tint lift 
a small piece oi tho thick end pi ejecting and tho head wis upset with a punch oi 
die just rftcr the minnci now practised m mil mg solid heidod pms 11ns second 
1 xtent w is sealed on tlie 4th of Deo 1790 and is desenbed m the 77fch py of 
Hie volume beloio leferred to 

Sul) c piently to this period not lesb thin tlmty to forty pitents hive bun 
gnnttd ioi milny, hi ids md nuls md some ihicr oi inn oi ilumhiu lx en 
\eiy smeessfully wnl d 
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SECT rv— PUNCHING MACHINERY USED BY ENGINEERS 

After tliereraaiks offered on pages 919 to 923 on shearing tools, 
little lemams to be said m this place on the punching machinery 
used by engineeis as it was theie stated that the cutteis for 
shearing and the punches weie most usually combined m the 
same machine the punch being placed eithei at the outer extie- 
nuty of the jointed lever or at the bottom of the slide m those 
machines having lectilineai action I he punch is fixed to the 
slide or moving piece, the die is secured to the framing by 
means of four holding and adjusting sciews just as in fly pi esses 
and the puller off 01 stop is likewise added all which details aie 
lepiesented m the woodcuts on pages 920 and 922 

The principal application of the engineeL s punching engine 
is foi making the nvet holes around the edges of the plates of 
which steam boilers tanks and non ships aie composed Another 
important use and in which the punches ti ench upon the office of 
the shears is in cutting out cumlmeai paits and apertures 
or panels in boiler woik, to which stiaiglit bladed sheais cannot 
he applied In this case the round punch is used m making 
a series of holes running into oie anothei along the paiticular 
line to he sheared thiough, or m other words the punch is used as 
a gouge by which the hole that has been first formed, is extended 
by cutting away cresent foim pieces, thus leading the incision m 
any requned direction 

This employment of the punch to sheanng cui ved lines is also 
much used m cutting out the side plates of the framings of loco 
motive engines, which consists of two pieces of stout boiler plate 
(the technical name foi iron m sheets fiom £ to | mch thicl ) 
iiveted alongside a cential piece of wood that is sometimes 
also coveied above and below with non dl the paits being united 
by rivets The punching engine selves admirably foi cutting out 
all the curved lines m these side plates, also the spaces where 
the hearings for the wheels aie situated and vanous apeituies 
Messrs Maudslay Sons & Field introduced many yeirs back 
a verj gieat nnpiovement in the punching engine as applied to 
making boileis and tanks m which the rivet holes are usually 
lequned to be made m straight lines and at exictly equal dis 
tances, so th it holes m two pieces punched separately may cx ictly 
c 01 respond J 
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The plate was fixed down upon a long lectilmear slide or 
carnage and during every ascent of the punch, was advanced 
by the machine itself, the interval from hole to hole, the moment 
after the punch was disengaged fiom the woik Subsequently 
2 3 or 4 punches were fixed at equal distances m the vertical 
slide but the punches were made of unequal lengths so that 
they came successively into action theieby dividing the stiam 
and the horizontal slide was consequent!} shifted every time a 
distance equal to 2, 3, or 4 intervals This machine, which dis 
played much mgenuit} of invention, served as the found ition of 
the more simple punching engines that are now met with * 

This volume will be concluded by the account of two sets of 
experiments m punching The first An account of some experi 
ments to determine the force necessary to punch holes thiough 
plates of wrought iron and copper by Joseph Colthurst \ 

“ These experiments were performed with a cast non lever, 11 
feet long multiplying the stiam ten times with a screw adjust 
ment at the head and a countei poise —“ The sheets of iron 
and coppei which were experimented upon were placed between 
two perforated steel plates, and the punch, the nipple of which 
was perfectly flat on the face, being inserted into a hole m 
the uppei plate was driven through by the pressure of the 
lever ; 

£ The average results of the se\eral experiments (which are 
given in a detailed tabular foim) show that the power required 
to foice a punch half an inch diameter thiough coppei and iron 
plates is as follows 


* Messis Maudslay conti ived their machine in order to manufactuie m a short 
space of time a very considerable number of water tanks for the Royal Navy the 
machine is cirefully engraved m plates 51 and 52 of Buchan ms Treatise on Mill 
Woik edited by G Rennie Esq T R S 

Other punching engines some of them with shears are also engraved on pages 
48 50 and 52 ot the same valuable woik 
The plate 52 contains the section and elevation of a steam punching machine 
by Mi Cave of Ians it is m effect a combination of the punching ri ichme with 
the high piessuie steam engine I his machine may carry either punches oi 
shearing cutters at pleasuxe but although appnently moie costly than those 
actuated as usual b} a simple crank movement it does not appear to be so con 
venient neitbei would it be politic to coustiuet eveiy machine in a factoiy so as 
to include a steam engine fox its own especial use 

t 1 vbricted from the Minutes of Proceedings of the Institution of Civil 
I ngmcexB foi 1811 pages GO 1 
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c Hence it is evident that the force necessary to punch holes 
of different diameters through metal of various thicknesses, is 
dnectly as the diameter of the holes and the thickness of the 
metal A simple rule for determining the force lequned foi 
punching may be thus deduced Taking one inch diameter and 
one inch m thickness as the units of calculation, it is shown 
that 150 000 is the constant number for wrought lion plates and 
9G 000 for coppei plates Multiply the constant number by the 
diameter m inches and b} the thickness m inches the pioduct 
is the pressuie m pounds, that will he lequned to punch a hole 
of a given diameter through a plate of a given thickness 

4 It was obseived that the duration of pressuie lessened con 
sideiably the ultimate foice necessaiy to punch through metal 
and that the use of oil on the punch reduced the pressuie about 
8 per cent A drawing of the experimental lever and appaiatus 
accompanied the communication 

The second experiments were by Mr Hick, of Bolton who by 
means of a hydiostatic pi ess having four cylinders in combina 
tion, punched through various pieces of iron the thickest of 
them measured 3J inches thick and fiom which was punched 
out a disk of 8 inches diameter, with a piessuie of 2000 tons 
The removed piece was lathei thinner than the lemamclei and 
a little taper which arose fiom the circumstance of the bolstei 
having been puiposely made with a flat bottom and a little 
laigei m dnmetei than the punch so that the disk when 
removed was a little spiead or flattened out 

It is curious that experiments so distant from one anothei 
m their scale of proportion, should yet agiee so nearly by 
Mi Colthurst s foimula 

The computed force is 150 000 x 8 x 3 i =4 200 000 lbs 
The actual force was 2000 x 20 x 112 = 1,480,000 lbs 
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Bating the pniod m which the Second Volume of this Worl has been pus^mq 
tin ough tin 2 ? ess rations new and additional matters having relation both to the 
fust and sctorul volumes have come mulct the author s notice the mot eimpxrtanf 
if these additions at e here given Py inset ting in The body of the fit si edition oj 
the wot l tefet cnees as follows —see Appendix note II —note I & at the pages 
7 espectivchj designated the notes will come under observation at that apx toptiate 
2 faces m the text 

Note II Page 22—To follow the Foot Note 
{Payne s Patent fot pt eser vi ig timber by the double decomposition of sulphate of iron 
and mur uite of lime within the pot es of the wood) 

In this pioeess which is now moie resoited to thin otheis for this purpose 
fecvei il pieces of timber are arian 0 ed side by side on a bledge bound togethei by 
hoops ind oil mis and thus mtioduced upon a railway into a long cylindncil iron 
vessel the cover oi end of which is then screwed on airtight Steam is now 
admitted fiist t) duve out the an thiou a h a valve opened foi the puipose and the n 
to foim a vicuum which partially occurs when a little of the cold solution of 
sulphate of it (n is pumped into the \ cssel by means of the steam engine to condense 
the steam the vacuum i then completed by an air pump the liquid flows m as the 
an is c\h lusted and is ultimately subject to piessurc by foice pumps also woil ed 
by the steam engine this fills all the poies of the wood with sulphate of non After 
i few minute s the sulph ite i illowcd to flow nit of the t ink by the i e admission of 
an the vt ssc 1 is a 0 am he ited with stc im ind is similnly Idled with nun late of lime 
A double di c imposition mstjutly oc cuis within thepr rr cs of the wood as the mui l itie 
acid gxs out to the non foiming mumte of iron and the sulphuue acid 
pioceeds to the lime foimmg solid sulphate of lime or gypsum the littei 
remains pnneipillym the pores whilst the muuate of iron pervades the wood 
generilly I he entue piocess of prep iring the timber including the filling and 
emptying of the tank lequues fiom one to three horns according to the si e of 
the cylinder Ihe wood becomes much heaviei indisposed to decay less combus 
tible daihei m colour and ilso pi oof a & amst lot and the i wages of insects 
By certain vamtionsof the piocess uid the employment of some other salts the 
light colouied Lnglibh woods may be stamod m a vauegited manner thiougliout 
thou substance so as to bo available for miking ornamental fiu nit me but the pun 
cipil application hitherto made of the pioce&s (for which the patent was specified 
m Jammy lb42 ) is for piopaiing timbei for railway puiposes and foi building 
especially the wood used m piles and wet found itions 
Mr I lyno his a new patent which will be shoitly specified designed for a dif 
ferent piepaiation of timbei foi the sheathing of ships and sea walls 

Note I Page 0 j— lo follow the loot Note 
{Ihe Bassoolah or Indian Ad&e ) 

By fir the handiest instrument (sud the late Sn John Robison ) for bloc I in 
uthei lnid oi soft wood for the lithe is the Lassool ill oi Indnnad/e with i h< id 

* o 
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of from 1 4 to 2 pounds weight The eye is conic'll and made widest at the upper 
end so that the handle may he knocl ed out to allow of the adze being ground 
The Bassoolah is represented at d fig 318 page 47o, of this present volume 


Notes J K L Page 46— to conclude the Page 
(A ote J — Mi h vmg s Cai vmg Machine ) 

Since the pei lod at which Messrs Bruthwaite s patent for carving wood by burning 
w as lanted m Nov 1840 (see Note A Appendix vol 1 ) two other important patents 
have been taken out for carving wood b^ revolving cutters and on each of which 
patents a few words will be now offered 

Mr Irving s Patent sealed November 1843 although it may be used for figures 
m low or high relief is principally applicable to works m one plane such as the 
mouldings of Gothic tracery whether stiaight curved or undeicut and of all 
sections the woik is geneially executed from templets or pattern plates 

The revolving drill or cutter which is made globular elliptical or of the particular 
section of the moulding is mounted on a vertical axis at the end of a swinging arm 
or lever which is jointed to the solid framing of the machine The wood or 
other material to he carved is fixed towards the edge of a circular table that is 
free to move on a vertical and central post The aim with the drill is capable 
of being adjusted veitically by means of a tieadle to make the tool penetrate 
more oi less deeply into the woi k 

As therefore the drill may be moved m one arc say nearly from east to west by 
swinging the arm upon its axis and as the work may also be moved m another aic 
nearly as from noith to south by swinging the table round upon its axis and as 
these two motions may be accomplished simultaneously and in any relative degrees 
by the two hands any outline that has been drawn on the woik may be leadily 
followed with the drill or cutter But more usually a perforated templet is affixed 
upon the work and the end of the cylindrical spindle or drill socket is allowed to 
rub against the templet in order that the drill may cut away all the matend 
between the interstices of the templet and which latter mode is much the moie 
lapid and exact especially when many copies of the same work aie required 
Many of the mouldings both m wood and soft stone that are used m the new 
Houses of Parliament are m the course of manufacture by this machine which is 
now the property of Mr Pratt of London 

Note K to follow Note J on Page 46 
(Mi Joi dan s Patent Cai vmg Machine) 

Mr Thomas Brown Joidans Carving Machine patented Feb 17 1845 is moie 
employed for figures and ornaments than for mouldings and two copies are 
generally carv ed at once the pattern being placed midway between them 

The model and the wood for the copies are fixed say exactly 8 or 10 inches 
asundei upon a lectilmear slide fiee to move from north to south and which 
slide moves upon a second rectilinear slide free to move fiom east to west these 
two slides run upon anti fnotion rollers and t >gethu suppoit what is called the 
floating table upon which the woik is fixed 1 he two movements of the table are 
under the guid nice of the two hands of the worl man while he controls a third slide 
with his foot The thud slide which is a ertical to the other two carnes m the 
center i tiacei of globular foim and also at 8 oi 10 inches on the right and leftot 
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the tracer cutters of the same globular form which latter are both set to make 
about 6000 or 7000 revolutions m the minute The third slide which together with 
tracer and two cutters forms one entire mass when left to itself descends with 
a moderate pressure that sends the two cutters into the two blocks of wood until 
the cential tracer rests m contict with the model the cutting then ceases and the 
slide is raised fiom the worJ by the treadle 

In this mannei by a multitude of vertical incisions at different parts the whole of 
the mateml might be cut away until the copies were reduced to the exact form of 
the model ] ut it is a more expeditious mode together with the vertical motion of 
the dulls and tiac i to move the woikabou horizontally by means of the two slides 
as m evciy such lambling motion the cutting will cease when the tiacer comes m 
contact with the model The only conditions are that the cutter and tiaeei be 
exactly alike m form and size md tint the disbince between them and also the 
distance between the model and copies whether 8 oi 10 inches oi other measuie 
be fixedly pieseived thiougliout the one process 

The above case m which the worl lies always horizontally is that most usually 
required hut when the woik has to be carved on all three sides as for example m 
brackets oi cor soles pi ojectmg from a wall although the arrangement of the cen 
tial tracer and the cutteis paiallel therewith paitaking of a vertical motion in 
common remains unalteied the model and copies are all three adjusted so as at one 
time all to lie on then hacks at other times all on their light or left sides with the 
piogiess of the woik Sometimes this change is effected simultaneously by mount 
mg them on platforms that are situated on fixed parallel and equidistant axes and 
shifting all thiee at one movement by a simple airangement derived from the oidi 
nary parallel mle with iadms bais 

In the case of figures carved m the round or on every side the central model 
and two copies are built above one wide bar upon three cnculitmg pedestals or 
turn plates with giaduations and detents by which the throe objects may be alike 
twisted icund to face any point of the compass and as the wide bar upon which 
the tlnee circulatm 0 pedestals aie built has a tilting motion by which the thiee 
pc destals may be all alii c pi iced eithei horizontally oi inclined to the right or left 
m any requued de 0 iee until neaily veitical it is clear that these two dnections of 
motion constitute universal joints and enable any and every similar pari, of all 
thiee objects to be presented to the tiacor and cutters respectively 

Messrs layloi Williams andJoidan of London employ these c irvmg machines 
foi all the woods and occasionally for soft stones marble and alabastei and these 
machines as well as Mr Piatt s aie also contributing largely to the embellishment 
of the New Houses of Parliament and other buildings now m couise of being 
elected 


Note L —To follow Notes J and K on Page 46 
(Mi lomess Paknt Daitifadoi foi maJ mrj Artificial Gums Teeth and Palates) 
Anotlici vanoty of caivmg machine bearing some analogy to that last descubed 
w is invented it about the same time as Mi Joidans we allude to Mr lomess 
Dcntif ictoi a machine foi caivmg the artificial teeth gums and pal lies used m 
dentil suigay patented Much did 1845 

I li is miclimo lil c the 1 ist is intended to mal e an ox ict copy horn a solid mock! 
but which m Mi I onus s case is a tiue counteipait of the mouth of the individual 
pioduced by mouldm 0 I bus in impiession of the mouth is taken as usual m oft 
cnccl bees wax fiom this a plastei cast is obtained and fiom the plaster a model oi 

3 q a 
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impression is made in a fusible though liaid composition puncipally gum lac com 
bmed with a softer gum which produces an exact reveise 01 counteipait of the 
gums one that -when carefully made fits o exactly to the surface of the mouth as 
even to exclude the air fiom between the model and gums and is therefoic capable 
of being ictamed m position without springs simply by atmospheric piessuie The 
object of the machine is to carve an cuitt fic simile of the composition model in 
hippopotamus 01 wall us lvoiy to emstitute the aitihcal palate to which the teeth 
aie fastened 

As some analogy necessarily exists betw cen Mi Tomes s machine and that last 
desciibed this account will be facilitated by briefly noticm 0 some of the puncipal 
points of difference resulting from the circumstance that Mr domes moves the 
work about m a vet tical plane and moves the dull m a hot i ontal plane and usually 
cuts the mateual away by parallel cuts extended laterally over the suiface 
wheieas m the wood carving machine it will be lemembeied the work is hot i ontal 
tho dull vet tical and the motion rambling m all dnections 

Mi Tomes s tiaccr and dull are fixed four inches asunder on one slide that is 
movod horizontally towaids the woik by a weight and pulled back by a lever and 
the cement model and the ivory to constitute the copy are clamped on cnculai 
plates 01 difal s also foui inches asunder and which disl s aie fitted upon the slide 
plate of a long honzontal slide moved by a coaise screw with a winch handle by 
the travel sing of which the series of lines is nsually cut This honzontal slido is 
mounted upon a veitical slide having a screw and ratchet moa ement so an inged 
that when one 11 regular undulating line of the woidc has been cut and the drilling 
slide withdi awn to its full extent the woik is shifted by the ratchet movement more 
or less cither upwards 01 downwards accoidmg to the particular nature of the work 
and thus by a succession of parallel cuts the entire surface is eventually produced 
the weight all along supplying one constant pressure to the slide canym* the dull 
andtiacer to keep them up to their woik with the right de ree of force and 
from the giaduated path of this machine and its peifection of action the tool marks 
are not discoverable m the finished work as they become completely meiged one 
into the other 

To enable the few undercut parts that occur in artificial palates to be carved by 
the dcntif actor Mr 1 omes now makes the slide th it carries the disks not with one 
flat suif ice but to have two inclined and paiallel planes that serve as the founda 
tions for the circulai disl s and which latter aie connected by one long tangent 
setew that moves the two upon their axes similuly and equably so as by the 
angulu change of the disl s which cany the woil and model to pi ice the few 
undercut puts successively at the lowest sides of the inclines or at the bottoms of 
the lulls when such unducut paits (unless they exceed in inclination 20 degrees 
and which never occurs in this hi inch of ait) slope the leverse way so as to be 
conveniently accessible to the revolving cuttei 

The dentifactor was constructed in the author s manufactoiy and he therefore 
fools mci cased xdeasuro m announcing the complete efficacy of Mr Tomes s pioject 
which was favourably noticed m the Minutes of Convu salioti of the Institute of Civil 
I ngmccts page 250 m the Medical Qa ette p 161 and numci ous othci publications 
and for which invention Mr I omes received the Gold h>u> Medal of the Society of 
Aits—all m 1845 
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Note M Page 121 —To precede tlie last two lines 
(Sti (lightening stag horn and bud hoi n ) 

Stag and buck horn admit of being partially stiaightened when m thin pieces 
01 sc lies to adipt them to the forms of the handles of pen and pocket knives lo 
effect this a dozen pie< es of the stag or buck horn when reduced neai Iy as thm 
as requited aie thrown into a vessel of water almost boiling and on lemoval one 
at a time aie flattened or untwi ted by grasping their ends between pliers and 
stiamingthem into form aftei which they aie allowed to cool m the an or aie some 
times dipped in cold 'water The undei sides of the scales aie then filed or rasped 
upon a stnp of lion held m the flatting vice repieseuted m fig 864 pie 804 
Sta 0 hoili and buck horn aie consideied to become more buttle fiom the mimei 
sion which is therefoie made as slioit as pob&ible btag horn buck horn ivoiy 
and pearl shell especially the fiist are somewhat liable to cause mst on the steel 
woiks of knives not so however toitoiseshell oi buffalo and similar horn 

Note N Page 155 —To follow the fiist paragraph 
{Isinglass glue) 

If it be wished to dissolve good ism 6 lass m spirits of wme it should fiist be 
allowed to soak foi some time m cold watei when sw died it is to be put into the 
spirit and the bottle containing it being set in a pan of cold water may be biou 0 ht 
to the boiling point when the ism 0 lasswill melt into a uniform jelly without 
lumps or strings which it is apt to have if not swelled in cold watei pieviously to 
being put in spirits a small addition of any essential oil diminishes its tendency 
to become mouldj 

If gelatine which has been swelled m cold w itei be immersed m linseed oil 
and heated it dissolves and foims a glue of remail able tenacity which when 
once diy pnfectly resists damp and two pieces of wood joined by it will sepu ite 
mywheie else i ithor thin it the joint Oidmiiy glue may be thus dissohcd and 
sometimes a small quantity of led lead m powdci is added 6 m J Iwbison 

Note 0 Page 160—161 

{Piossei s patent octss foi ivoif s made of dig day) 

The fiist line of the aitiolc on clay which ian as follows This miteinl is only 
woikcd m the soft ind plistic stite is umntention illy en out ous is tlie author 
since loams tint Mi Mencko obt lined m 1828 a patent foi mmuf letuung bnol s 
and tiles fiom diy pulvcn/od cliy containing a cpuntity of nioistuie not c\ccid 
mg one pci cent the cliy was pies ed foicihly into moulds and mnnediitely 
baked without tlio ncecs lty foi its bung clued and fiom the dense condition ol 
the compicbscd miss without the nsk ot ciaekmg m the hie 

Mi lvowlind 1 i ossei s pitont 1840 is foi a bimil u but supenox employment 
of diy cliy sometimes nn\cd with colouiing matteis foi mul mg buttons rm Q s 
knobs tho tcssci e foi pavement and othei things The cliy powdci is put into 
a deep mould that holds just the lijht quantity and teinunates at foot m the 
bottom the tho top die is att relied to tho fly pi css descends withm the tube in 1 
mouldy the object mil mg the foui holes in the button at the same moment 
llic puces aie leleised fiom the mould by a piston or i unmci piessed up wauls 
is usual by i tie idle n othei wise I his latent is sucee siully woil ed by Messrs 
Mmtu of btol o upon I lent 
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Note P Page 191 to precede Section IV 
(Clay s patent pr ocess fo manufactur mg wr ought vr on ) 

The author tianscnbes from the Minutes of Convex sation of the Institution of 
Civil Engineers for 1813 page 82 a part of the account of this process 

By the ordinary system of iron making the ores are reduced into the state of 
cai buret of iron and then by refining and puddling the metal is de caibuietted 
thus making it into malleable non by a number of piocesses which are recapi 
tulated — 

1st Calcining the oi e 

2nd Smelting m a furnace by the aid of blast either cold or heated with 
raw coal or coke for fuel and limestone as a flux 

3rd Refining the pig into plate iron 

4th Puddling shingling and rolling to produce merchant or 5th No 2 

bars 

6th A repetition of the same process to make best or No 3 bars 

Seeking to dimmish the number of manipulations by the new process a mixture 
of dry Ulverstone oi other rich ore (Hccmatite) is ground with about four tenths 
of its w eight of small coal so as to pass through a screen of one eighth of an inch 
mesh This mixture is placed m a hopper fixed over a prepaiatory bed or oven 
attached to a puddling furnace of the ordinary form While one chaige is being 
woiked and balled another giadually falls fiom the hopper through the crown 
upon the preparatoiy bed and becomes thoioughly and uniformly heated the 
carbuietted hydrogen and caibon of the coal combining with the oxygen of the 
ore advances the decomposition of the mmeial while by the combustion of these 
gxses the puddling furnace is prevented from being injuriously cooled One 
charge being withdrawn another is brought forward and in. about an hour and a 
half the iron is balled and ready for shingling and rolling 

The cinder produced is superior m quality to that which results from the 
common system it contains from 50 to 55 per cent of iron and is free from phos 
phone acid which frequently exists and is so injurious in all the ordinary slags 
when re smelted the cinder produces as much as No 1 and No 2 cast iron and is 
of as good quality as the ordinary black band ore of Scotland 

The pi ocess was highly commended by the meeting as being simple and scientific 
and evidence was advanced to show the iron pioduced m this mode to be equal 
to the best cable lion 

Note Q Page 196 of Vol l —To follow the Foot Note 
(Nabmylh s Patent Dir eel action Steam Hammer ) 

Since the foregoing pages were printed a valued friend of the authoi Mi J ames 
Nasmyth of Patncioft near Manchestei has bi ought into successful opt ration 
two very impoitmt machines the one the Direct action Steam Hammer employed 
m the place of the old helves or lift hammers the other a legitimate descendant 
of the above hammer a machine invented for driving the piles required for the 
foundations of buildings and coffei dams The author is enabled to picsent to his 
readers some pirticulais of these machines, which their inventor has been kind 
enough to write for these pages 

lig 968 lepiesents a geneial view of the stomi liammei B is the cyhndei m 
which the piston woiks and to the piston xod which comes out at the bottom of 
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the cylinder is attached the hammer A hi G h pressure steam is lot m under the 
piston which raises it together with the hammer A to any required height within 
its vert cal range of motion and m which it is guided by two planed guides E E 
On the escape of the steam when the valve of the cylinder is opened the hammer 
falls on the work that lies on the anvil with the full foice due to gravity and 
without any loss worth naming from friction the instant the hammer has given 
its blow the steam is again let m under the piston and the same action is 
repeated with ease and rapidity 

When it is desired to lessen the foree of the blow the steam is let in under the 
piston ere ike fall complete so that a cushion of steam is then presented to receive 
the force and modify it to any required extent such is the piecision with which 
this can be done that the hammer maybe anestedm the most soft and silent 
manner even when wi hm one tenth of an inch of the anvil The hammer can be 
thus set to give any definite blows by the due adjustment of the lever which closes 
the valve for which purpose its position is 1 egulated by two long screws seen m 
the figure the re opening of the valve is effected by a small cylinder and piston 
(at B) on the top of which piston steam is made to act as a most peifect spring 

When on the other hand it is desired to increase the energy of the hammer 
by making it give blows even more powerful than those due to the highest fall of 
the hammer by giavity alone the following simple but effective anangement is 



hi ought into action Tins contrivance consists in making the top of the cylmd r 
quite steam and an tight so ill it when the piston passes beyond the holes oo o o 
fig 969 the old slcim 01 air which is then pent up in the cliarabei Z Z above the 
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piston may obtain a levivmg energy by the compression it receives from the 
upward motion of the piston and this compression is wholly returned m the con 
dition of elastic recoil of the most perfect kind which recoil added to the simple 
gravity of the hammer vastly augments the rapidity and intensity of the blows 
As soon as the piston re passes the holes oo oo the old steam or air re enters with 
perfect fieedom so as to offer no resistance to the fall of the hammer 

It may be w ell to notice m conclusion the peculiai elastic yet firm manner 
m which the connection between the piston rod and hammer block is made this 
bung one of the most important details m the whole anangement and without 
which this invention would have possessed but little piactical utility It will be 
seen m the enlarged section fig 969 that the piston rod has a large end E forged 
to it this goes down into a well inside the hammer block and rests on seveial 
pieces of hard wood placed at W one or two rings of the same material being 
pi iced above the part F the whole being keyed hard down by two taper 1 eys XX 
which are dm en m over the wood ungs through the body of the hammei these 
ctoss 1 eys retain all the paits firmly together 

1 ins ittaehment while it effectually unites the piston rod and hammer at the 
same time presents such an elastic or yielding medium as to remove all nsl of 
destructive action which would be otherwise certain to occur if any hard unyield 
ing substance were placed between the anvil and hammer or that these two paits 
w ei e allowed accidentally to come m violent contact no such concussion can now 
injuriously affect the piston and hammer A close resemblance will be obseived 
m this airangement to that of the caitilage m the joints of animals between bone 
and hone 

The author of this volume has to add that several of these steam hammers have 
been erected m oui Government Dock Yards and at the works of various engineers 
sometimes they have flat faced hammers and anvils for general pm poses at other 
times semicircular tools foi swaging round shafts and m this case peculiar advan 
tages anse fiom the steam cushion which pi events the appi oach of the tools beyond 
one precise distance so that the shaft is made of uniform diameter throughout 

The steam hammei has also been employed m manufacturing large copper 
pans into the cential parts of which the convex hammer then dips with unerung 
precision and any particular measure of force 

I he largest of the steam hammei s as jet made has been erected m the woiks 
of Sir John Guest Bait Dowlais South Wales for the manufactuie of wrought 
iron and m this machine the hammer weighs 6 tons it can be lai ed 7 feet and 
its face meusuies 4 feet by 2 feet so as to consolidate at one action the entire 
mass of the blooms or mes foi making rulway bais as the hammei face includes 
tho whole surface of the bloom at cveiy blow the bed oi anvil peihaps the 
largest iron casting m tho woild weighs 36 tons and was cast m one mass fiom 
the united contents of foui great furnaces 

In a foimer account of the steam hammei wntten by Mi Nasmyth for the Civil 
Lngmeei s and Aichitects Journal Yol VI page 40 he fiist descubes the ciicmtous 
mode m which thepowei was convoyed fiom the steam engine thiough intermediate 
gear and shifting to tho old helves or lift hammeis alluded tom the fust volume 
some of which lift hammers although wcighm 0 upwaicls of 6 oi 7 tons give by 
comparison mefllctne blows on laige masses because fiom moving on a joint the 
use and fall of the hammer is limited and m foigmg thick woils when tlic 
strongest blows aie required the hammei has tho less space to fall Mi 
Nasmyth then contrasts the above ui ciutou s mode with lus owii simple and du tU 
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means applied to the same end under an arrangement m which the latgest works 
may with moie consistency be made to lecerve the strongest blows 
Another comparison there also instituted is greatly favourable to the patentee 
as he adds that although from various practical leasons the dimensions of the old 
hebes cannot be materially exceeded the cylinders and appendages required m 
the new hammer admit of an almost unlimited increase m their magnitude, in 
order to meet the continual aggrandisements of engineering requirements 


Note R —To follow Note Q on Page 196 
( ¥? Nasmyths Steam Pile Di mng Bnjmc ) 


On this machine Mi Nasmyth writes— Theie are two grand or impoitint 
features of novelty m this pile driving engine compaied with all foirner con 
tnvances foi the like purpose In the first place by the employment of the steam 


h immu action the st am 
is made to act direct m 
raising up and letting fall 
the hammer or mor 1 ey 
without the mter\ ention 
of any rotative motion 
while m the second place 
anothei giand fealuie of 
novelty consists m the 
employment of the pile 
which we are about to 
drive as the foundation 
or sole support of the 
appaiatus A B C fig 
971 so that by its resting 
on the shouldeis ot the 
pile we have not only the 
effect produced by the 
blows of the hunmer ( 0 
cwt at 80 to 100 tin ec 
feet falls pel minute )but 
we ha\e also the entire 
weight of the appai it us 
ABC equal to 3 tons 
assisting m a most lm 
portant degree to force 
the pile down into the 
ground 

The pile to be driven 
is raised up and planted 
m its situation by the 
machine by means of a 
windlass worked by a 
small detached steam 
engine at H the ippa 
l itus A L C ib it the 
amo time 1 aised up uul 
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placed on the shouldeis of the pile like an extmguishei on a candle the ckim 
D D is then let fi ee so that the entire weight of A B C shall rest on the pile 
the steam is now let m from the boiler to the cylmdei by the jointed wrought non 
pipe E E the hammer then sets to work with great eneigy showering down its 
ponderous blows on the head of the pile at the rate of 80 to 100 per minute at 
each blow the pile ami s and the machinery ABC follows down with it guided 
m its descent by clamps which loosely grasp a guide rail fixed on the side of the 
great upnght and which upright also letams the pile in true position all the way 
down 

Some idea of the rapidity with which piles are driven by this machine may be 
foimed when we state that a pile of 60 feet m length and 14 inches square can be 
driven 45 feet into stiff soil down to the rock below m 4 minutes and such is the 
good^effect resulting from the blows being given by a,jieat mass of 30 ewt striking 
quid ly but with small velocity of actual impact that the pile head requires no 
hoop and presents after bem 0 driven a neater appearance than it had when it was 
first placed under the hammer 

Phis is a very impoitant result and the natural consequence arising from the 
employment of mechanical foi ce m the Tight conditions for the puipose i equa ed 
namely m this case striking a quick succession of blows with a large mass or 
hammer but with small velocity of impact by reason of the small height from which 
the hammer falls the action of the ordinary pile driver being quite the reveise of 
all these conditions By inspecting the figure it will be seen that the entire machine 
is possessed of loeomotne powers inasmuch as it is mounted on wheels and moves 
along rails so as to pass onwards as the piles are driven m succession it may he as 
well to obseive that the apparatus A B C is only raised up by the small fixed steam 
engine once per pile instead of once pei How as m the case of the ordinary machine 
Ihe author has not had the advantage of seeing Mr Nasymths pile duving 
machine hut he understands from eye witnesses that its rapidity is such as to 
excite a smile from the almost marvellous manner m which this jack m the box 
(the hammer being concealed from view by the frame or casing) pei forms its 
woik as it fulfils m 4 minutes that which frequently required by the old machine 
a period of 36 hours presenting a ratio m the time saved as 540 to 1 a ratio 
most egregious but true withal 

A pile said to have been duven home or as far as possible by the old pile 
driving engine (as the old ram then l ebounded as from a solid rock) was driven a 
fuitker quantity of 10 feet by the steam pile driver until it had indeed met the 
solid rod beneath 

The action of the machine is adduced as a most pei feet evidence of the high 
importance of 1 no wing undei what modification we should use force m the accoro 
phshment of ceitam duties thus—if jou want to split and shatter a pile into 
luufei matches then let fall cannon balls upon it from a gieat height but if you 
want to drive the pile then let the cannon itself fall on it and that fiom a small 
height and is rapidly as it can bo effected say 100 times m a minute so that it 
may ncvei give the pile a moments time to set fast m the soil 

Note S Page 202 —To follow the thud paiagraph 
(The Olaa oi small lift hanimei ) 

I ig 9 / 3 l epi esents a species of lift hammer woikcd by the foot The hammei head 
is about 2 inches squaie and 10 long with a sw age tool liavin to a conical crease 
alt idled to it and a conespondm to swage is fixed m a squaie cast non anvil block 
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about 12 inches square and 6 deep with one oi two round holes foi punching &e 
1 he hammer handle is about 2 to 2 1 feet long and mounted m a cioss spindle neaily 
as long supported m i wooden fi ime between end sci ews to adjust the grooi e m the 
hammer face to that m the anvil block A short arm 5 or 6 inches long is attached 
to the right end of the hammer axis and fiom this arm proceeds a cord to a spung 
pole ovei head and also a chain to a treadle a little above the floor of the smithy 
When left to itself the hammei handle is raised to nearly a veitical position by 






the spring and it is brought down very readily with the foot so as to give good 
hard blows at the commencement of moulding tlio objects ind then li a ht blows 
foi finishing them The miclnne was used when the author fust saw it m 
makm 0 long stout nails intended for fixing the tncs of wheels seemed withm the 
felloes by washers and riveting the nails weie made very nicely round and taper 
and were forged expeditiously 

Note T Page 226 —To follow the fifth line 
(The Manufactm e of Wrought hon 1 iibe ) 

The authoi s attention has been drawn to the contents of pages °25 and 0 ol 
his fust volume lcfeumg to the mmutaetuie of wrought non tubes associated 
with a re reb that he had not set forth more fully and historically the pi >gicssive 
steps through winch this interesting and impoitant manufactme has ailived at 
its piescnt state of perfection 

Upon this hint the autlioi requested Mr 1 lossei with whom the suggi stion 
oii 0 inatcd to point out the enois of mode and elite that lie lnd committed uul 
which collection Mi liosti has most kindly iendued m the accompanying 
sjnoptic il table hue inter tod wi Lout ilia ition 
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In the fust column on the left of the Synoptical Table aie lepiesented little 
&1 etches of the principal means employed m the manufacture of welded tubes 
next follow the yeibal explanations of the sketches and the gioup of columns 
on the right are headed with the names of patentee and the dates of then patents 
The dates nisei ted m these columns m the same horizontal lines as the sketches 
are intended to show that such means were employ ed under the several patents 
designated by the dates 

For example running the eye down the fust date column it is to be understood 
that Benjamin Cook s the fast patent for the manufactuie of non tubes was dated 
1808—that by him the tube was welded by the hind hammei—finished by the 
diaw bench and drawing rolls—that the mandiil employed was parallel ind lastly 
that the tube had a scaif or lap joint—and so with all the others 

This tabular view although most fascinating for a cuisoiy inspection could 
not he micle to convey various matters of detail and points of nnpoitant jet 
minute difference v Inch have existed in the sevei il modes of pi ictice and winch 
have given use to many and expensive lawsuits And theiefoie as a brief sum 
mary of the entire manufacture the author subjoins from the pen of a fuond 
who is professionally and intimately acquainted with the subject a condensed 
account showing the dates titles and the mam featuies and processes of the 
entile senes of patents for making wiought iron tubes 

LENJAMIN COOIC of Birmingham Patent dated 28th Maich 1808 fu a 
method of malmg ban els for fowling pieces muskets pistols and other sum] u 
fiie arms and lamiods for the same 

The Patentee pioposed thice plans of mal in D barrels m one onlj of winch 
was there any welding 

The first plan consisted of foigmg oi otherwise pioducmg a lound bai of non 
oi othci pioper metil of a shoit length is complied with the intended bind md 
then a hole was dulled in the sime md it wis pi op isod to clongite tin bind by 
cb aw plates siimlu town di uvi j 0 but In vim, i niinlul m tin band ot flu 
elongation w is to be cfiectcd by rooved lollus usm to imandiil nisi It the buu l 

Iho second plan wis lo tui l a slioit plitc of non oi steel ovti a mmdnl < i 
leal iron and to weld it by] ind then to clon n iio tho bind so pi oil need by 
di awing through holes m dies oi by gioovcd lollus is bofoio using a mind a I 
inside the barrel when olongitmg it 

The third plan consisted of taking a cn cul u pi ito of mot il ind the n by sue 
cessively foicmg it through a senes of holes m i die it wis pioposed to i use it 
nto the shape of a cup and then having done so tho ciq was to ho ebn 0 itcd by 
drawing it thiough holes m a die or by means of a pan of grooved i oik is using i 
mandril on the inside of the ban el when elongating it none of theso pi ins sue 
ceeded and they never came into public use 

HENRY JAMES AND JOHN JONES of Bummgham Patent giantcd 
26 th July 1811 for an improvement m the minufictiue of bin els of all descup 
tions of fire aims and aitilloiy 

Then aro two methods of welding bands clesonbed m this invention 1 irst 
the plite of iron was to bo turned ovei into the shipc of a bind so tint the edges 
should be 1 1 ought into a position foi weldm D i part of the ban el be he ited be i 
welding heat was to be pliccd on a hollow anvil having seicril giooves to cent 
spond with the bairel, and then ty a senes of Innuncis, woil ed by in lelunciy, tho 
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heated pait of the ban el was to be welded a stamp or mandril being inserted m 
the barrel when welding And secondly the Patentee proposed to use grooved 
rollers the grooves being of the figures of the ban el and a manclnl was to be 
used This appears to be the first invention of the use of grooved 1 oilers to weld 
barrels of fiie arms 

HENRY OSBORN of Boidesly near Birmingham Sword and Gun Barrel 
Mai er Patent gianted 1st of March 1817 for a new method or pnnciple of 
producing cylinders of vanous descnptions 

The Patentee had a previous patent foi turning the plates of iron 1 early to be 
welded into barrels or cylinders and this was done by giooved ioilers the pioscnt 
patent was for using grooved rollers as a means of welding cylmdeis or gun bairels 
and it consisted m using similar grooved i oilers to those descnbed by James and 
Jones but m this patent a mode of using a mandnl was descnbed veiy diffetent 
to that suggested by James and Jone and it is by means of these m\ entions that 
by far the largest proportion of gun barrels have ever since been welded m 
Lnmmgham 

The novelty m using the mandnl consisted m this there was to be a shield fixed 
on the mandril so as to pi event the mandril being di awn thi ough between the grooved 
rollers when welding a cylinder or ban el thereon In using the mandril it was 
nisei ted into an unwelded barrel (the ban el being at a welding heat) and conveyed 
thereon to the rollers the mandnl being retained by stops which pi event the shield 
passing thus the barrel as it was welded by the lollei s was di awn off the mandril 
the mandril 1 eepmg the bore open and preventing the non from being rolled into 
a solid mass In this manner was the weld made and then by repeatedly heating 
the ban el or cylinder and passing it between grooved rollers with a succession of 
manduls the ban el or cyhnder was drawn out to the desned length 

JAMES RUSSELL ofWednesbury Gas Tube Manufacturer Patent gianted 
19th Jammy 1824 for an Improvement m the manufacture of Tubes for Gas and 
other purposes 

This Patentee proposed to weld iron tubes orbanel 3 by means of a hollow 
hammei and tool and it was intended that the tube to be welded should be held in 
the hollow tool and receive blows by the hollow hammei and this welding was to 
be done either with oi without the aid of a mandril And then having welded 
the tube or barrel it was to be shaped mtenoily and extenoily by means of a 
pan of giooved rollers and a mandril with a large head over which the grooved 
i olleis w eie to move the welded tube oi bairel This P itent filled of success It was 
found that the hollow hammer and corresponding hollow tool would if they embraced 
the ban el have no effect on it and if the bairel was too laige m diameter for the 
hollow it would only be crushed by the sides of the hammer and the hollow tool 

CORNELIUS WHITEHOUSE of Wednesbury Stafford Whitesmith 
Patent dated 2Gfch February 1825 foi certain Improvements m Manuf icturmg 
Tubes for Gas and other puiposes 

This Invention was the fn st to suggest that a tube might be formed and welded 
by simply applying external pressuie without internal support and the inventor 
descnbed the means of accompli hing the welding and shaping of non tubes foi gis 
and other purposes to consist of fiist turnm^ up the plites of non so that the 
edges would come together or neaily so and then about half the length was to be 
heated to a welding heat and by means of a draw bench such heated pait of the 
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prepared tube was to be diawn through a bell mouthed dio which might be foimed 
m the shape of a pan of tongs with h indies to open 01 close the two 1 lives of the 
die oi the two halves might be opened oi closed by a screw The inventor did 
not confine himself to the particulai consti uction of the dies and it was held by a 
Court of Law thatgiooved idleis capable of giving complete circumferential pres 
sure when no internal support of a mandril was resorted to was within the claim 
of the P itentee 

Such was the great simplicity and utility of this Invention that notwith 
stHiding the assignee of the latent Mr Russell had made a very con&ideiable 
rum of money by the Pitent the Pi ivy Council advised the Crown to*e\tend the 
period foi which the Patent was granted from 14 to 20 years 

GPORGE ROYL Walsall Staffoid Whitesmith Patent gi anted 21st Maich 
1831 for an Impioved method of mal mg lion Pipes Tubes or Cylinders 

Tins Patentee pioposed to use two giooved rolleis placed m front of the 
furnace so that the piepaied tube when it was betted to a proper welding he it 
should be drawn out and welded by the rollers and to facilitate the working 
the uppei idler was capable of being sepat ited fiom tbe under one by which the 
tube could be moved between the idleis and when the uppei roller was brought 
to the lower i oiler and motion communicated to them the tube was urn out of 
tlio furnace and welded The tubes being thus welded were to be passed through 
dies to give them a better shape this mvt ntion was put into use by Messrs 
Divon A Co of Wolveihampton This mode of mmufactuie was declned to be 
an infringement of Whitehouse s Patent because the welding was by cucumferential 
pressuie without any mandnl oi mtei nal suppoit being employed 

FREDERICK EDWARD HARVEY of Tipton St iffoi dslnre and JERE 
MIAH BROWN of the same place latent glinted 3rd lebiuary 1836 for cei 
tim Improvements in the piocess and michmeiy foi manufacturing MetillicTubes 
and a 1 so m the piocess or machinery foi foigmg oi rolling met il foi othei purposes 

In this invention giooved idlers weie employed and the principal novelty 
consisted m the mode of supporting tho mandnl which wis i shoit instrument 
pi iced md fi\cd in fionfc of the lolleis ind in such mannoi that the cnlaigcd 
held came just m tho pmch of the rolleis and m woiking tho heated tube wis 
to be foiced ovei the slioit ciankcd stem of the mandnl the unclosed scam of 
the tube boing sufficiently open to allow it to pass the fin by which the stem of 
the mandnl was carriod 

TIIOMAS HINRY RHSSI LL of Handsworth Warwick, Tube mal ei 
Patent gianted 3rd May 1836, for impioveinents in making or manufacturing 
welded lion Tubes 

f Tins Patentee proposed to make welded iron tubes without fiist turning up the 
Iron plate from end to end md the invention consisted of only turning up a few 
inches of the length and then by appai atus placed m fiont of the furnace to cause 
the plate of iron when m a w filing stite to be fust tinned into the shape of i 
tube and tbe welding was simultmcously to go on by means of dies oi by ioilers 
m the mannci of Whitehouse s Invention befoie mentioned 

RIGI1A D PROSSER of Biinnnghim Civil Engineer Patent dried 27lh 
Much 1310 for improvements m machinoiy on ippuitus foi minedictuiing 
I i|)es 
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This Patentee pioposed to use a combination of thiee or four rollers When 
lour rollers are employed the} are formed with grooves all exactly equal to the 
quadrant of a circle and with edges bevelled at 45 decrees so as collectively to 
mate up the entne cucle The four rolleis are connected with equil wheels in 
older that they may tiavel with the same velocity The end of the thm stnp of 
lion is bent to the cucle and when at the proper heat the idlers cany ltforwnd 
and depose the welded tube upon a long mindiil smaller than the boie of the 
tube and placed immediately opposite the rollers the mandnl seizes to support 
the tube whilst m its heated and soft state Large numbers of tubes have been 
made m this manner by the four rolleis and when thiee only are employed they 

embiace one thud of the circle instead of the fouith 


THOMAS IIFNRY RUSSELL of W ednesbury Staffordshire and COI NF 
IIUS WHIT1 HOUSE of the same place Patent gianted Maich 7th 1842 foi 
impiovcments m the manufactuie of welded lion Pubes 


Plus Invention lias foi its object a mode of welding vet y thin iron tubes when 
mal m lap joints and the tubes wcie paiticulirly intended for steamboilcis Hie 
im ntion consisted in using a mandnl of small diameter when compaied with the 
intended di uneter of the tube and the tube was welded by passing the tube with 
the mandnl m it between grooved lolleis or through bell 
\\ ( moiv kk<-d dies the hole being of an oval shape so that when 

^ in & tlie tlie man dnl was sot fast m the tube throughout 
its length but on pissmg the welded tube through dies with a 
cnculir opening the tube was made cjlmdncal thus allowing the mandnl to be 
11 adily witiidi awn m const quence of tlie smallness of its di unetei w hen compaied 
wiili th it of tho tube Thcmrssurccf the lollu oi dies was made to a t hist 
on the outci edge of the lip joint then on the inner and listly on the centiil 
put the thiee pioccssess being accomplished at one he it and the diamctncil 
Inn upon which the piessuie was applied became for the time the shelter 
di imetoi of tho oval 


‘TAMIS ROOST of Wednosbury Staffoid Patent gi anted 9th May 1813 
(m m Tmpi ovement oi Improvements m the mode or method of manuf ictmmg 
wtided lion lubes 

11ns Intention consisted of a mode of using dies and also rolleis with giooves 
and lmnduls m a pceuliu manner which does not appear to have come into use 

TOIIM TAM1 S RUSSriT and PHOMAS IIEUrY ruSSJ TL of Wed 
ntsbmy St iflbidshuo 1 ube Manufactui ei s Patent gi anted July 24 1844 

I his Invention tv is for tlie welding of the lu & er cliss of tubes for boiler and 
such hi o put loses and consisted of a moving hollow bed on which the piepaicd 
tube in m unwelded state was plated and the bed with the tube passed undei 
a grooved toller A fixed mandnl being used on the inside of the pipe ovei which 
the pipe moved so as to give suppoit and resistance wheie the weld was tal mg 
place I ho end of the tube being fixed to the hollow bed the movement of tlie 
bed nceoHHiiily clined with it the tube and ciused it to pass ovei the mandnl 
uid undei the pi easing oi welding lollei 


PHOMAS HI NRY RUSSJ LL of Wcdncsbmy Stafford Tube Manufictmer 
I itc nt granted 14th August 1845 foi improvements in the manuf icturc of welded 
Iron Tubes 



APPENDIX—NOTE T 


969 


This Patent descnbes -in invention for welding iron tubes for steam boilers 
and otliei pm poses and it consists of using a long fixed bar or beak iron supported 
at one end on to which a prepaied iron tube at the welding heat is placed the 
edges of the metil overlapping m order to produce a lap joint and then the weld 
is produced by external mechanical pressure which is shown to be produced by a 
grooved rollei situated above the end of the beak iron by drawing it off the beak 
iron and beneath the roller the beak iron must not be less than half as long as 
the tube and the lattei is welded at tw o process s This invention has come into 
extensive use m mal m» tubes of large diameter of thin plate iron with lap joints 
In conclumg this notice of the manufacture of wrought iron tubes the author 
has to obseive that the gieat featuie of modern times m the manufacture of tubes 
is the being able to dispense with all internal support and to complete the tube 
by external piessuie alone such piessme acting on ill points of the mcumfeience 
The mindiil was quite indispensable when gun barrels were forged by means 
of the lateial blows of hand lnmmeia upon anvils 01 swages and the idea of the 
necessity for the mandul has been lon G letamcd undei vanous modifications 
greatly to the picjudice of the entire manufacture of wrought lion tubes as when 
the mandul fits ti 0 htly it hmdei s the piogiess of the tube ovei it and spoils the 
work The mandril when now used is only employed as a suppoitmg instrument 
one that does not fit the tube but only serves as a holdei or biacl et to carry the 
tube m its heated and flexible state and not m any respect as a means of foiming 
or peifecting tne boie of the tube P 

On this point the strongest yet clearest judgment was pionounced by Baion 
Parke in the trial on Whitehouse s patent namely that the gieat not city is the 
complete cn cumf a ential pi essm c with motion leaving out the mandi il oi any internal 
suppoi t 

Another point of great nicety m the nranutactuie is the levcrberatory furnace 
which notwithstanding its length requires to be heated most intensely yet uni 
formly thioughout sometimes a blast is used but the descnption of Mr Prossei s 
furnace will seive as a geneial explanation 

I ho fui nice lequnes of couise to he ot the full length of the longest tube and it 
his a dooi at r ich end fci the entiy and lomovil of thoskelp on the one side me 
several stol e holes for tho introduction of the fuel which is mostly coal sometimes 
col c and in the opposite wall beyond the budge of tho furnace aie coneHpondin 0 
a pci tines leading into a longitudm al chambci pai illol with the flic and thence ndo 
the lofty flue the dimensions of the aputines must be determined m some mcasuie 
expei linen tally until the furnace bums with equal intensity thioughout its length 
I he time the lion is exposed to the mtenso heat of the turn ace lil ewise requites 
caitiul attention as if accidentally exceeded tho iron is entnely spoiled 

I lie minufickuc of thin tubes has recently obtained a great impulse from the 
veiy general adoption of the tubulai syotein m maune boileis These tubes aie 
usually about one tenth of an inch thick and as laige as ttuee inches diameter 
to adapt them to the combustion of coal the fuel of mu me engines whereas the 
tubes of locomotives m which col e is alw ays burned no of only about lnlf the 
bore of those foi mu me boilers the tubes for locomotiv s although moic gmc 
lally of brass are also made of wiought non 

i he tubulai constructions of boileis piescnt a veiy gieat fue suifice and effect 
a pioportionate saving m the dimensions of the boilu ui 1 consequently in the 
weight both of the boiler and the watci contained thaan Iluol tubes homtluu 
weighty would be altogethei mapplu ible mhci to miiiue oi lot emotive bulei 
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Note TJ page 25G —To follow the Foot Note 
(Additional lemmUm the late Si) John Uobison s WotUhop Blowpipe ) 

Articles heated m the flame of the worl shop or gas farmee blowpipe (saicl i - 
inventoi preseive then polish in the same way as by Mr T Oldham spro^f 
they toe hccnlept M the flame As the whole of the oxygen is takennpby 
hydrogen of the gis none is left free to act on the surface of the steel and as there 
appears to be a tendency to a deposition of carbon on glass rods when sul mittcd 
to this flame it may be that this may not only have an 

steel from oxidation but may produce some chemical effect on ^ compositi 
as workmen suppose that gravers or turning tools hardened from this heat 
moie enduring than those heated m the muffle 01 on a har of hot iron 

is already noticed on pa„e 440 the worl shop blowpipe is figured and described 

in the \tcch Mag foi lb42 page 258 

Note V page 283 —In continuation of the article on Silver 

(Amalgams used by Dentists foi stopping teeth ) 

Dentists employ an amalgam containing silver for stopping canon, teothrti, 

•nremred by rubbing together m a mortar or even m the hollow of the hand 
finely divided silver and me.cury and then squeezing out all the "ncombmed 
merluy leaving a plastic mass which feels to grate and crepitate under the 
fingers When all the unsound parts of the tooth have been carefully cut away 
If ialm is thrust into the duj cavity that the tooth may be metier ly 
^iei from the air and in the course of a few hours the amalgam appears to 
crystallize and become consideiably haidei than lead ■, 

The usual mode of preparatron is to dissolve the silver m muriatic acid and 
i lta te it as a fine metallic powder by stnrmg the solution yith a rod of zinc 
or iron Some dentists file part of a shilling into dust under the 
the copper then also employed makes the amalgam birder otheis rub m with the 
rivi flitle iold leaf or platinum leaf with the ame intention Precipitated 
n^dinm fimi w th mercury a similar amalgam to that with silver hut with 
the tit on of heat at the time of combination These alloys which have 
leceied various hi 0 h sounding names are seldom remelted hut then resume fir 
some horns then plastic condition 

Note "VY page o°3 — to follow the se\enth line 

(Tablet s Patent inti fi iction Metal ) 

Bahhets anti friction metal to be used somewhat after the mannei of tin for 

tin bearings of maclnneiy 19 thus described _ , , 

An excellent compound or alloy foi tins puipose may be prepared by tal i 
about fifty puts of tin five of antimony and one of copper hut other compoum 

escape under the supenneumbent w eight of locomotive engines and other he y 
machinery ^and tlJefo.e brasses o, beumgs a,e employed under this patent 
rnpoittLsofter metal but the brasses ar made Hrgei nr diameter and with 
internal fillets that almost tench the axles so as to puvent the thm lining of the 
anti fnotion metal from spreading and being piossod out 
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The brasses aie first cleaned and tinned and an exact non model of the axle 
having been turned the paits aie heated put together m then relative positions 
luted with plastic clay and the fluid anti fiict on metal is pouied m which then 
becomes of the required form and effectually soldered to the biass 1 he anti 

fu tion metal scaicely appeals to suffei fiom wear and owing to its unctuous 
greasy nature leqlines much less oil than othei metals and alloys used for beanngs 
See Letters Pitent granted to 11m Newton 15th May 1843 for Ceitnn mi 
provements m the consti action of boxes oi axletiees of locomotive en 0 mes and 
carnages and for the b'nimgs or journals of maclnnciy m goneial and ilso lm 
pro\ cments in oilm^ oi lubi icating the same Leing i coinniiimo ition 


hoteX page 285 at foot and 30°—Before 1 he Palladium mg pi ocess 
(C? CLifm d s Patent foi Gali am td h on) 

At the time the author mseitcd m his former volume the account of Millett 
piocess foi coating inn with zme and palladium he accident illy overlool cd a 
previous patent granted to Mr Hemy William Uauturd Apnl 18 37 (and desenbed 
m the Bepeitoiy of Patent Inventions Vol ix New Senes pa n e ^9) he will now 
proceed to sujply the deficiency and also to give some paiticulus of mother 
method by which non that has been pieviously tinned is also coated with zme 
In Mr Ciaufurd s patent sheet iron lion castings and a mous other objects in 
iron aie cleaned and scouiel by immei ion in a bith of watei acidulated with 
sulphunc acid heated m a leiden ves el oi used cold n one cf wood just to 
lemove the oxide Ihcy aie then tin own into cold vatei and til cn out one it i 
tune to be scouied with sand and wrtcr with a fie<e < E coil oi moio usually a 
piece of the husk of the cocoa nut the ends of the fibi s of which stive as a biusli 
and the plates aie aftci wilds tin own mt> cold v\ atei 

Puie zinc coveied with a thick layu jf & al ammoniac is tlun melted m a hath 
and the non if in sheets is dipped sevcial sheets at a time m a ci alio oi pi at mg 
The sheet aie slowly raised to allow the supeifluous /me to (ham off and uc 
tin own whilst hot into cold witei on lemovxl fiom which they only rctjunc to be 
wiped diy 

'Ihicl pieces aio heated bofoic immeision m a revcibei atoiy furnace to avoid 
cooling the zinc Chains are similuly ticited and on i unoval fiom the /me 
require to be shaken until col 1 to avoid the links being soldered tc gethor N ails 
and small aitides aie dipped m mmiitic acid and ducd m a icveibci atoiy lm 
nice and then tin own alto ether m the /me coveied with the sal ammoniac left 
foi one minute and taleii out slowly with an non sknnmci they come out m a 
mass soldered to D cthei and foi thou sepai ation aie aftcrwaidn \ laced m a ci liable 
and bunounded with chaicoil powdei then heated to icdnews and shal on about 
until cold foi then sopai ation Wiieisicelcel through the me into which it i 
compelled to clip by a loil oi othei contuvance 

It is to be observed that the /me is melted m a bath oi ciu< lblo just a little 
beyond the point of fusion and is always covered with a thick coat of sd ammo 
mac bothti pi event the wibtc oi the zme and fmthei ti piepxic the met d tint is 
to be zmeed Cast non bath oi vessels such is ucusulioi mi linn, tin c i \ cwtu 
wcicfii tcnqloycd but/me acts vay i ipully upon the castn m unites with it 
and f ills in a giumlxi state (o tin bott m (f the vessel tlicictni ui * ulhui 
lmin^ of file bncl luted with cl aj w as will i some diflu ultv and 1 sol li it muii 
famed m the cistnon vessel to defend the sum fiom the ictiou ol the /me 

3 ii > 
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(Craufurd s patent 1837 ) Now however wi ought iron baths welded at the angles 
are used without the clay lining (Korewood Ro D ers s patent 1841) as the dete 
uoi ation both of the zinc and of the vessel is then less rapid and the process 
succeeds better than when cast iron baths are employed The spoiled granulated 
xneUl which is only considered to contain about five per cent of iron is ladled 
out and i chimed to the zinc manufacturers for purification or le manufacture 


Note Y page 285 at foot, and 302 —Before The Palladmmizmg process 
(Mm cwoocl and Rogetss Gahamsed Tinned iron ) 

Mr Lclmund Morewoods process is different and is declired m his patent 
d\tcd 1841— to consist in tmnm b the metals to be pieservecl fiom oxidation as 
afoiesud m the ouhnary mannei of what is called tinning and then m what I 
cill zincing the sud tin so that the external surfa e may be zinc p'aced m such 
i el ition with the tin and the metal to be preserved fiom oxidation as tint both 
the said tm and /me should have a united ox combined influence m preserving the 
sud metal See 1 cpcitoiy of Pitent Inventions New Senes Vol xvm page 170 
JLlie pic sent piactice is howeaei different from the above as the iron is coveied 
with tin by a gahamc deposition as m the elcctiotype process and is aftci wards 
Z mecd m a Intli of the fluid metal The following is the pi actice which is secured 
by subsequent patents enumerated fuitliu on 

fllie sheets of non lie pickled scorned and cleaned ]ust the same as for ordinaly 
tmmn 0 A 1 uge wooden bath is then half filled with a dilute solution of muriate 
of tin piepaicd by dissolving metallic tin m concentrated munatic acid which 
Tcquucs a pc nod of about two oi thiee days and two quaits of the saturated solu 
tion an added to oOO or 400 gallons of the water contained m the hath Ovei the 
bottom of the bath is fust spitacl a thm lajer of finely granulated zme then a 
cleaned non plate and so on a layer of finely granulated zinc and a cleaned iron 
pi ate {alternately until the bath is full the zinc and non to ether with the fluid 
constitute a weal galvanic battery and the tm is deposited fiom the solution so 
as to coat the iron with a dull umfoim layer of metallic tm m about tvo horns 
Whilst the ibove piocess is m operation a wrought iron bath containing fluid 
/me m picpucd the melted metal is covered with sal ammoniac mixed with 
cuthy iinltu tolssen the vol atih/ation of the sal ammoniac which becomes 
about m fluid is tieicle Two non lolleis immersed below the surface of the 
/me lie fixod to the bath and ue driven by imchmeiy to cany the plate through 
the find mdil it my velocity previously determined The plates are now le 
coned one by one horn the tinning bath dr lined foi a short time and passed at 
once whilst still wet tin mgh tlic melted zme by means of lolleis the plates 
thus t al e up avoryiignlu and smooth Hjci of zinc which owing to the presence 
ottlio tin lie noth assumes it* natur fi ci ystallinc ehaiactei giving the plates an 
uppe u aiu o r c sc mbling th at 1 nown as the mot roc mctalltque 

■When the shat of metfi is dipped veitic ally into the/me the lower edge is 
mueh longer m c ant act with the zinc than the upper and fi om the violent action of 
melted /me oi non this m al ts the bottom edges of the sheets sensibly moie buttle 
th m the uppe» wheii as the iollci b cuisc oa c ry p u t of the sheet to he acted upon 
m the same degree mil which degiee may bo exactly dctcimmcd by the vch city 
gnen to the rollers Unsciqucntlyby the roller process thinner non maybe /meed 
thinly dipping edgeways and vutie illy as no part of the n on need to be immersed 
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longer m the metallic bath than is absolutely necessary foi its properly taking the 
coating of zmc 

In addition to Mr Morewood s patent dated 1841 for the general process by 
ordinary tinning and zincing Messrs Morewood and Rogers have patents dated 
re pectively 1843 for the rollers and the electro mode of tinning m fact for the 
mode of covering metals by the conjoined processes first of voltaic deposition 

and subsequently of immersion m another fluid metal-1844 for new fluxes 

and details of management -and 1845 for the manufacture of the galvanized 

tinned non plate into tiles and ridge pieces for roofing and other works by various 
piocesses of stamping 

Craufurd s Patent (worked by the C alvamzed Iron Company) and Morewood 
and Rogers s combined patents have obtained veiy extensive employment for a 
great variety of puiposes and both methods are well supported by testimonials 
But so far as the author can learn the galvanized non covered with puie zmc 
is much more suitable to the sheathing of ships for which it is highly economical 
as it is proved to be much cheaper and is expected to prove more durable than 
copper —the galvanized tinned iron plate is more malleable and may be used for 
thinnei iron and is theiefore moie suitable to being wrought as by the tin s mi th 
with the hammer and it is also found to answer thoioughly for looting as it can 
be bent and soldeied with facility Gah amzed iron is now largely used by Govern 
ment and by public companies foi this purpose 

The author is mfoimed that both kinds aie open to two curious facts the fust 
that the chains of tillers and cranes and objects exposed to much friction do not 
lose their coating of zmc this ib accounted for by the smooth un oxidized zmc 
sui faces of the chain moving freely on one another wheieas unprotected iron, 
when covered with rust (the peioxide used m polishing) is subject to continued 
wear and it has also been imagined the zmc becomes as it weie burnished into 
the suiface of the non But it may happen that when moistuie is occasionally 
piesent that the worn parts are then contmuilly le zinced from the neighbouring 
paits as explained by the cunous fact now to be noticed and which on its dis 
covery excited gieat suipnse 

I he edges of some gah amzed iron plates cut with shears so as to expose the 
central non when attached to the piles of the Bell Rock Light House foi the 
purpose of experiment became zinced aiound the cut edges and at the holes 
wheie the nails were dnven and it was also observed that even the nails and 
fastenings made of un galvanized iron became zinced from their proximity to the 
galvanized sheets By the same action the holes peifoiated through the sheathing 
foi nailing it to the ship s sides become coated and the zmeed wires of the 
Llectnc lelegraph where cut through become coated by the action of the ram 
water on the galvanized portion of the suiface 

Note Z page 308 —To precede Section II 
(Poi table h ass fm nacc) 

Since the foregoing pages weie punted Holtzapffel <L Co Ime conbtiuctcd 
poi table brass furnaces made of the hexagonal form m sheet iron lined with 
Stouibridge clay and fitted with cast non pedestals tiles and stout sheet non 
pipes complete so as to be elected on any level spot of giound and if near a dead 
w ill so much the better 

Ihe smaller sized of these an furnaces seive for about 10 pounds weight of brass 
or copper, and a huge furnace on the same model will melt 20 pounds when 



074 


APPINDIX—NOTES Z, AA, AB, AND AC 


favourably managed they have been made hot enough to melt cast non These 
fi rnaces have entirely superseded the little blast furnaces formed} made for the 
portable foige shown on page 203 of Vol I 

Note AA page 3/ 4 —To follow the last Foot Note 
(Beilin method of moulding delicate complicated objects ) 

One method said to be followed by the Beilm founders for producing compli 
c ate 1 subjects such is a bouquet of flowers is to dissect the object to be moulded 
into small parts which may be straightened out or moulded separately and cast 
m fusible metal 

Having cast all the paits separately m soft fusible composition these parts 
are then bent into the natural forms and a synthetic opei ation is commenced or 
that of putting tne parts together again by means of soldenng and tying together 
by wucs When the whole object lias been m this waj built up it is embedded 
m the mould (with pioper precautions for the escape of air) the mould is heatod to 
tllow the fusible metal to melt and escape and the non is run m by a descending gait 
w Inch cntei s the mould at its lowest part and the fluid metal carries up any mipuri 
ties on its surface expelling the air as it rises through the vents 8w John I obison 

Note AB page 421 —To follow the paiagraph ending wax is geneially used 
(Fluid fo) lubneatmg di aw plates employed m India) 

lhc lubricating matter foi facilitating the slipy mg of wn e thi o ugh draw plates 
is pcihaps not a mattei of indifferent choice the Hindoo Sonars who aie noted 
f u then dexterity m diawing gold wiie unifoimly use Caetoi oil which they 
allc 0 o pi c\ cuts wisto of gold by fuction hii John IIobi on 

Noto AC page 410 —To follow the paragraph that piecedes Section III 
(I oxall s patent Method of i aiding 1e%ds m sheet metal) 

Notice of the patent gianted to Mi Ihomas Toxall Guiffitli of Bnmmgham foi 
nnpi ovements m stamping and shaping sheet metal I cb 1810 

In the pu i 0 i apli to winch tins note follows as an appendix it was stiteel that 
woils liavui & lofty and pci ptndioulai sielc such as jelly moul Is could not be 
pi oduced by htimpm 0 but this difficulty Ins been vciy clcvcily oaercome unelei 
the lccent pitent aboic cited m winch the piocesscs of st imping and that of 
1 uniihhin 0 to form oi sj inning aie successfully alternated Quoting the words of 
the specific ikon lUepitciitco obscr\cs — 

II< iclot >io sheet met il has been i used by the simple act of stamping in elies 
by r using and lotting fall a succession of foices and the process of burnishing to 
hum has boon c unbilled with the oidmaiy process of stamping whueby sheet 
motil having been l aised as far as possible m dies by the pioc sses of stamping the 
shaping has been completed by the piocess of burnishing the stamped utides on 
chad b m a lithe and to secure such last mentioned combined pioccsses letters 
patent who gi anted on 10th I<biuuy 1831 

f In shaping sheet metal by stamping as heretofore piactised the sielcs of the 
ax tides depend matt 11 ally foi tho height o £ tin i using on the sti etching or extend 
ing of the metal and tei this c nel tin incial at tho outer ciicumfcicnce is supported 
tin mghout tlu piootss of stauipm n by a projt ctmg tlaucb which lests hon/ontally 
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on the uppei sm face of the dies such flanch being progressively ieduced and the 
metal thereof stretched or extended so th it from the bottom to the uppei edge 
the thicl ness of the metal is brought thinner and thmnei which is objectionable 
At the same time owing to the severe treatment to which the sheet metal is thus 
subjected it lequires to be more often annealed m older to prevent its suffeiwg 
raj ury by the successive processes of stamping and such is the extent to which 
the metal is stretched or extended by raising accoidmg to the old practice that 
the disl or blank of metal employed foi raising a vessel of a few inches diameter 
to a considerable extent is only about thiec qualters of an inch laiger m diameter 
thin the finished \essel raised therefrom by stamping Wheieas according to 
my invention the blank or disk of sheet metal used foi making any paiticular 
aiticle when the sides thereof are upnglit is of a diametei of about the diametei 
of the vessel 01 article added to the depth of the \essel thus supposing the 
vessel or aiticle pioduced by stamping in i die be six inches in diametei and 
thiee inches deep then the die or blank of sheet metil would be about nine 
niches diameter and the article when st imped therefrom if it be cut through the 
ides and bottom all parts would ho found as neatly as may be of the same thick 
ness and that thicl ness the thicl ness of the original sheet metal 

The figuies A to G reduced tiom the specification show the several foi ms 
which would be given to the woik originally of the dimietei aa by the employment 




oi i die such as fig 974 with a second point of bcum^ it bb iht successive /ones 
oi top dies th it aie anploj ed being so sli»] ed is to } eu only < n the bottom ot the 
vessel so In i the d Q bb md not on tho kqin to ul 1 y which ohomo the 
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edge lb fulfils m great measure the purpose of a draw plate such, as would be used 
for drawing cj Imdncal tubes 

After having been progressively stamped to the contour of G the woik is bur 
mshed to foim on a chucl such as fig 977 The work is then again stamped m the 
second die fig 975 then burnished on the second chuck fig 978 and is afteiwards 
struck m a third die fig 976 and then burnished on a third chuck fig 979 to make 
the metal proceed through the stages H to L of course the woik is occasionally 
annealed as will be explained 

Fluted woiks such as N are fiist raised nearly as cylinders with bottoms to the 
shape of L bj the inteimittent stages alieady explained and the burnishing to form 
is then di continued The flutes require the use of two oi more pairs of dies and 
forces m which the flutes aie gradually developed but which tools have not been 
represented In the fiist pair of tools for the object N the flutes aie shallow and 
the die a little bell mouthed in the second pair the flutes are of the full depth and 
as fiom the sides being almost perpendicul u or exactly counterpaits of the bm 
mshed object N the piece when stiuck holds fast m the die the latter is perforated 
and has a central iammei which is laised by a side level to foice the finished 
woik out of the die these paiticulais aie all minutely explained m the speci 
lication 

The vessels when cut throu h piesont a nearly umfoim section and which may 
he thus explained as icgaids the ey lmdncal vessel If the disk of 9 inches diameter 
could ha\e its mu gm folded up without pucl eung it would have a nm of l 1 inches 
hi^h the upper edge being of twice the primary thiclness as m fig 271 page 400 
but the stietching fiom the dies causes the height of the sides to become 3 inches 
and theiefoxe this tapenng thickness is gradually diawn out as m tube drawing 
to constitute the mci eased height 

In pi oof of tho complete efficacy of the mode it may be stated that vessels may 
be thus made m sheet iron (known as chai coal iron) a material far less tiactible 
than copper and brass Great difficulty was experienced m carrying out this alter 
nation of the two processes of stamping and burnishing to form when working with 
iron owing to the scaling or oxidation of surface which resulted from the annealing 
and which roughness tended to pi event the employment of burnishers This diffi 
culty was after various trials obviated by annealing after the method practised m 
annealing articles made of malleable cast iron (see pages 259 260 ) m which 
case tho ductility and tenacity of the sheet iron aie pieserved and that with a 
suif ico quite unimpaneel by the filing The patentee prefers foi the annealing 
mixtuie ono pait of pulverised ironoie added to eight of coke or lime and he 
gives the picfcitnce to thit lion oie which has been once used foi annealing 
cast lion 

bo completely successful ai c the combined pi ocesses that extmguishei s havo been 
thus i used h am i ound di ks of sheet n on and of com se without a se im the method 
of Htimping with dies Living the bevillcd mouth and shoulder b b fig 971 emblcs 
vessels to bo raised much higher than by any other method of st imping even when 
bui nisfiing to foi pi is not employed in connection with tlio stamping 


Note AD page 431 —To follow the fiist paiagiaph 
(Planing hi ass tubes foi locowiotiu enymes) 

S< me of tho bi iss tubes foi locomotives aie made cyhndiicil without and a little 
| ij oi w ltlnn the inetal foi thepa is c i&t hollow and di iwn on a tipoi tablet thiough 
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an ordinary plate The thick end is placed near the file box that the tube maybe 
the longer m casting away from the action of the fiie and also that cmdeis capable 
of entering its smaller end may readily escape at the largei 


Kote AF page 431 —To follow the second paragraph 
(Rand s Patent Collapsible Tubes ) 

These thin tubes are closed at the one end by a convex disk with a projecting 
sciew the sciew being peifoiated for the expulsion of artists colours or other 
matters inclosed m the vessels They were first drawn as tubes as described m 
the text and the ends were cast and soldered m but the entire vessel is now made 
by means of only two blows m dies of appiopnate kinds 

By one blow of a screw press a thick cucular disk of tm of the external diameter 
of the intended vessel is punched out made concave and perforated with a central 
hole somewhat like a washer for machinery 
By a second blow the blank 01 button is converted into the finished tube The 
bottom tool is a mould with a shallow cylmdiical cavity of the same diameter as 
the button of tm and terminating m a hollow screw the upper tool is a cylinder 
exceeding the length of the tube and with a small tapei spindle of the diametei of 
the hole Ihe cylinder is just so much smallei than the mould as to leave an 
annular space equal to the intended thickness of the tube The very soft ductile 
tm when submitted to gieat pre sure m the contracted space within the mould 
follows the laws of liquids and may be said literally to flow through the annular 
crevice and up the cylmdiical mandrel as indeed the foimation of the tube appears 
to be instantaneous and is a beautiful example both of true principle and accurate 
workmanship m the means employed 

The tube is released from the mould first by the ascent of the cylinder which 
leaves the tube behind and the screwed extiemity of the mould is then duven up 
by a ram and lever from below and the screwed dies being divided on their 
diameter instantly fall away from the vessel thus elegantly produced by a mode 
which was only attained after repeated variations in the process respectively se 
cured by patents Small tubes are thus made m screw presses and laige tubes in 
hydrostatic presses of proportionate strength 


Note AF page 433 —To follow the third paragraph 
(JJlay pi ops used by the Asiatics instead of binding wite m solcleving ) 

The Asiatic goldsmiths seldom use binding wire foi light work they have always 
beside them a little dish of a tempered mixture of clay and sand or powdered buck 
with little poitions of which they form connections and suppoi ts for the pieces they 
mean to solder togethei Thus if two tubes have to be joined m the f oi m of the lettei 
T (inverted whilst being soldeied ) they fiist waim the lowei piece and then dab on 
a little at a time of the mortar (leaving the joint clean ) until the inclined pi ops 
of the clay run high enough nearly to touch the upright piece which being warmed 
and set m its place the connection is completed by a furthei addition of the moitxr 
which when heated ovei chaicoal becomes quite firm and suppoi ts the pieces whilst 
the soldei is running, even m woiks of pietty consideiable size Sit John Rohm 
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Note AGr page 444 — To precede Section IV 
{Pumice stone 'used by Dentists instead of Charcoal as a suppoi t in soldi! mej) 
Dentists are mucli m the habit of using a lump of pumice stone as the support m 
s >1 dei mg the gold wirl to which artificial teeth ire attached The pumice stone is 
usually filed or rubbed to a flat surf ice and the woik when laid on this mcombus 
tible support and subjected to the action of the blowpipe receives a more moderate 
heat than when laid on chaicoal which latter suppoit is less convenient as it 
1 isos its foim fiorn buinmg continually away and because at the same time owing 
to its combustion it reverberates more heat than is required by the dentists for 
then particular puipose 


The folloumg Notes in the Appendix iefei to the Second Volume 


Note AH page 482 —To piecede the last paragraph 
{kdcod and Lotus Patent Planes fo'i Joincts dec ) 

Subsequently to the foregoing matter on planes having been punted Messis 
Silcock and Lowe of Bnmmghani took out a patent m January 1844 for various 
1 mds of bench planes con tructed m groat part of malleable cast non Several 
of these planes are figured and described m the Mechanics Magazine for 1844 
pa a es 81 to 80 to which the reader is lefened A few lines are however extracted 
nearly veibatim for the convenience of those leaders to whom this journal is not 
accessible 

The fast of these planes is ceitamly a \eiy remarkable instrument It is a 
double fillister plane which is so constructed that it is capable of filleting boards 
of all sires fiom about Iths of an inch to about 3 inches and may be adapted to the 
several pui poses of a fillet in<j plane a side fdlista a sash oi bad filhsta and a s? ewed 
q abbet plane 

When this tool is to he used as a filleting plane both the right and left side 
planes are combined together and fixed at a distance from each other correspond 
mg to the bieadth of the fillet To use it as a side fillister the left side plane only 
is lequned with a stop mseited into an appropriate lecess When it is to he used 
as a sash oi hack fillister the light side plane only is employed hut with a slight 
modification in the figure of the fence 

To use the tool as a skewed rabbet plane the right hand plane with its chase 
ind fence are laid aside and the left hand plane only is employed 

All the paits aie of cast iron piotected by tinning or zincing from conosion 
with the exception of the stocl and the handle and body of the fence which ire 
of wood and with the exception also of the screws the cushion of the travelling 
sciew and the sliding nut which are all of hi ass 

Ihe fore and hack parts arc cast m one piece The wood of the handle is not 
cut icross the gum as usual but with the fibres mnmng m i dnection at light 
mgles to the body of the planes wheieby a considerable mciease of strength is 
gained 

The second instrument descubcd is a fluting oi cpoovmg plough In this tool 
the body is wholly of metal but m all othei lcspccts as rc^atds the materuls and 
mode oi putting them together it posseb&es the same peculiar ltics as the double 
fillister plane first described 

Ihe thud mstiument is i dado (poolingplane, with which no less thm sixteen 
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ind more diffei ent sizes of work may be executed the fout th instrument is a tr ymg 
plane suitable both foi lough and smooth work the fijth and last is a moulding or 
bead plane The explxnation of these peculiar tools cannot however be conveyed 
without exceeding oui limit of space and the mtioduction of numerous figures 
In addition to the foregoing patent planes constructed principally m metal the 
patentees manufacture ill the oidmaiy wooden bench planes with sciews foi fixin 0 
the non instead of the wedges driven by the hammer 

Note AI pige 487 —To follow the thud paragraph 
(Mi Lund 6 Saew I outei Plane) 

Mi Win Lund has conducted the routei fig 341 pa 0 e 487 with a screw 
adjustment to the cutter as it is mostly neoessaiy this should be set giadually 
cleepei as the woik pi ogresses When i similar but smaller tool is fitted with a 
pei pondiculai cutter he finds it very useful m ieducing the level bad grounds of 
small ivoiy caivmgs m bas lelicf m which case a inaigm is left iround the sub 
ject if only as a temporxry guide for the i outei to run upon 

Note AJ page 488 —To follow the list pai igiaph 
(Mi Pulconci s Imp) otal Cnculu Plough) 

Mi Falconers plough lewaidcd by the Society of Aits m the Se sion 1846 pie 
sents mmy points of improvement on the binding plane by Mi Onwin desenbed 
m the text The pun lples of the plough fi a 3 5 pige 480 are licaily fdlowed 
but niste id of a vuiety of fences being used some concave others conxex the new 
instiumont has a flexible steel fence attxchid to the plou 0 h by two stays which are 
j mted to the ends of the elistie fence whilst to the centi il put of the sime is 
fitted x screw idjustment so tint the one fence nnj he made to assume any 
lcquiicd euivituie eitliei convex oi conoxae xnd of course tho n a ht line also 
I lie \u libs oi the G i coves aie detcimined as usual by those of the cutteis w bieh 
ue pi ended with double \ omted se ners oi lad eis foi cutting though such of tho 
lilies oi the woil as lio ti xinvciscly xnd would otliciwibe be tom up I he entne 
e >nstiaction of this ciiculai plou a h is veiy judicious and complete xnd the tool 
mxy be eonsideicd is gicatly impi o \od on those previously used foi this puipose 


Notes AX AL and AM —To follow the last line of page 495 
(Note AK Mi Pi an7 tin t> $'ct tw Pauli IIooI foi Out pin teis ) 

A sciow bench hook foi carpentcis intended to supeisede that shown at a fig 3 3 
page 494 was invented by Mi I E Fianllm ofPuiton Wilts and published in the 
1 lansictions of the Society of Arts for 1840 vol 53 p 9° ihere is x metal 
sheath oi socl et fitted to the bench within which an non bxr with a side spring 
slides up and down undei the guidxnee of an adjusting sciew below the sepu ire bar 
elines two or more steel teeth fonned as a sepuafo piece and bciewed on The 
contrivance xltliough quite elleetue is l ithei expensive foi oidmary use 

Note AL —To follow the xbove on pxge 495 
(Mi Di JJcaufoitb Vue ot Stop foi a Joum s Bank ) 

1 i to s 978 xnd 979 represent tho vice oi stop foi a jomei s bench foi which Mr 
H D< Jxy Di I eiufoit of Im 0 eiux iceeived the icwud ot tho Sicioty of Ait 



wood w placed on edge is inserted between them it catches between the tails of 
the levels and separates them until the piece is grasped also by the other ends 
of the same levers and therefore at two places at once as seen m the plan fig 9/9 
The levers are about one inch thick and the tail of the one is thinned to entei a 
cleft on the othei as distinctly shown m fig 978 to adapt the vice to veiy thm pieces 
and the levers being mounted on chamfered slides may be fixed wider asunder foi 
veiy thick pieces See Transactions of the Society of Aits vol 53 page 86 

Note AM —To follow note AL on page 495 
(Mi 8 Nicholls Stop or Clamp foi a Jomet s Bench) 

Fig 980 is a perspective view and fig 981 a plan of Mr S Nicholls subse 
quent contrivance for the same purpose and rewarded by the same society m 1843 
Two inclined and undercut slips of wood a a are firmly screwed to the bottom 
board and between them are loosely fitted two pieces b b nearly counterparts of 


Figs 980 981 



a a but with projecting fillets at the end When the boaicl w is m eitcd between 
these loose jaws or chaps the} are thiust foiwaid until they ieach that contiacted 
part of the angular gap which compresses them fiimly upon the board to be fixed 
This mode serves foi a much gi eater range of size m the pieces fixed than 
the last and the straight faces of the jaws do not indent the worl s is may happen 
when soft woods are clamped m the vico shown m figs 978 and 9/9 Sec Plans 
actions of the Society of Aits, vol 55 page 42 
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Note AN page 504 —To follow tlie paragraph commencing The Scale board Plane 
(Mess)s JEbdaile and Mat g)cues Scale hornd Machine ) 

The scale board machines used by Messrs Esdaile and Margiave at the City Saw 
Mills London has a wide cast iron slide plate that works freely m chamfer bars 
elevated on framewoik about six feet above the ground the power of the steam 
engine is applied to the slide by means of a stout leather strap 01 rathei by two 
stiaps foi tlie to and fro movement but one is always out of action and loose 
The slide is perfoiated for a cutter upwards of one foot wide placed beneath 
the slide and inclined hoi izont ally about 40 degrees as a skew rebate plane but 
the pitch of the iron or its \eiticil face up which the shavings slide has only half 
the inclination of the horizontal or about ^0 degiees 

The log of wood which is preferred wet on account of its superior elasticity m 
that condition is held down by heavy weights whilst the metallic plane slides 
beneath it and shaves off m an admn able manner one single shaving the thickness 
of the same is determined by the adjustment of the cutter which is principally 
held by wedges 

Messrs Esdaile and Margrave recently patented the employment of three cutteis 
situated as above but one behind the other to remove thiee scale boards m mime 
diate succession the scheme was effectual m its action but m the end less econo 
mical than the single cutter—and which must be moved by a strap or rope as 
although racks and iron chains have been tried they fail apparently from the want 
of sufficient elasticity 

Note AO page 505 —To follow the second paragraph 
{On Machine,b for Planing Wood) 

Of the m iclunes for producing works m wood similar to those usually accom 
pli&hed by hand planes several hive been constructed to act by means of cutters 
having circul ir motion Th us in Paxton s machine various circular saws or cuttei s 

of different diuneteis and foims are pi iced on one spindle beneath which the sash 
bai is ti xversed In machines for planing mouldings fi om 2 to 8 inches wide for 
house jomeiy pictuie frames Ac two figured cutteis of the entire width of the 
moulding aio screwed to a rectangular block fixed on the revolving spindle by 
which means tlie cutters are piesented at the pioper pitch or inclination of 60 or 70 
degrees to the face of the moulding Cucular cuttus w ere also used m the earlier 
experiments with Burnett and Poyer s miclnno some of them with only 4 5 or 6 
edges or teeth constiucted veiy nearly on the principle of ordinaly plane irons 
But cucular cutters were abandoned by Messis Burnett and I oyer from two 
motives the first the difficulty of constructing and sharpening them and secondly 
that notwithstanding the rapidity at which the cutters might be dnven they still 
left marks upon the work because tlieie is a distinct though small interval of time 
between the passage of the one cutting edge and that next following and during 
which small interval the uninterrupted advance of the woik allowed certain portions 
to be less reduced or left as little hills and ridges slightly above the geneial surface 
The wood only becomes absolutely smooth when its tiaveise is so far diminished 
tint one point of the cuttei (or probably the highest point of the entire series ) is 
enabled to touch eveiy individual poition of the work and which requnes a much 
gieater reduction m the feed or tiaveise than might be expected thus mostly 
leivmg something to be smoothed off or lemoved by hand tools 

Messis Burnett and Poyer from these circumstances ultim itcly 1 ejectcdi cvol\mg 
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m favour of fixed cutters and thus m planing mouldings they employ ed a stool 
•which contained from twelve to twenty cutteis every one figuied and secuied by a 
separate wedge so that the fiist cutter penetrated but little into the moulding and 
that eveiy succeeding tool removed a shav ing of its own all the cuttei s gi xdually 
assimilated m oil and more to the la t of the senes which was shaipened exactly to 
the foim of the mouldm IJndei this anangement the machine was enailed to 
work mouldings in pme wood at the enoimous v elocity of 70 lineal feet per minute 
and still the work had all the smoothness of that pioduced by the joiner s hand 
planes as usual 

Note AP page 50 > —To follow the foimei note having the same reference 
{Mi Antonio Mayei s Patent Splint Cutting Machine ) 

The production of an article of apparently minor importance has led to the 
invention of a very effective and impoitant machine allied to the planes namely 
the splint cutting machine for cutting the wood for chemical matches 

It is necessary to piemise that when these useful matches were fiist inti oduced 
they weie mere shaving cutfiom blocl s of deal by the plane pieviously used m 
prepaiing the chips of willow and other woods fiom which ladies bonnets aie 
woven Ihis plane had at the front a senes of lancet 111 e 1 mv es which scoied the 
wood m shallow paiallel fuirows and immediately behind the 1 mves was fixed an 
inclined plane lion of very low pitch which cast off a shaving thus producin 0 
several splints at once fiom the edge of a board about one inch thicl 

When the same si lint plane was used for the stronger and less flexible matches 
neaily one tenth of an inch square now used the splints weie found to be biolccn 
or disiupted m then fibies by the comp natively abrupt angle at which they weie 
removed from the blocl of wood notwithstanding that the plane had a vuy thin 
iron sole and a cutter of veiy low pitch This defective a tion of the hand plane 
led to the invention of Mr Maj ei s P atont Splint Cutting Machine used exclusively 
at the celebrated worl s of the Messis Esdailes and Mai grave of London 

The splint cutting machine has a metal slide which tiavels paiallel with the 
giound hut m a vertical plane by means of a crank and connecting rod that give it 
60 stiol es ma minute flhe slide cames first a series of 30 lancet like knives halt 
sloped on the uppei suiface the other half on the lower these penetiate the wood 
about one tenth of an inch and aie immediately followed by the cuttei or plane 
non the bioad flat side of which rests dnectly against the wood to be cut (no sole 
being used ) the edge of this 1 mfe is very much inclined namely to 70 dcgiees and 
is giound with a v eiy long bevil 2 inches wide giving to the edge the amte angle 
of 12dtgieos and which combined with the gieat obliquity of thel info causes the 
splints to be only bent fiom the wood at the insignificant angle ol about 1 dtgn.es 
so as to be entnely removed by cutting and not by splitting or iendm to 

The wood used foi mal mg the sj lints consists of w hole de als 10 inches wide 
3 inches thick ci oss cut into blocks u inches long Thiet of these blocl s aie pi icul 
together constituting a len th of 15 inches sufficient foi six splints oi matches 
and as there aie tlmly lancet 1 nives eveiy tiaveise of the machine pioduas 
180 splints this at 60 stiokes a minute mal es 648 000 an houi or 0 4S0 000 m a 
day of ten hours Theie aie two such machines constantly at vvoik and these not 
withstanding the aieiagc pioduetion of each is upwaids of tliice millions ol splints 
a day furnish another pi oof that m some processes machmeiy cannot ovupowci 
hand laboui as the laigei piopoi toon of the splints used m this counti} ai o nev ei 
theless obtuned from the hand cutteis and foieign nnpoititions The hand cut 
splints although cheapei aie uifeuor to tlio e cut by tile machine mquesti m 
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Kote AQ page 533 —To follow tlio last line but one 
(On gi aiding some of the tools foi tui rang 11 on ) 

■When the tools 431 or 43° p 53° are u ed m both directions that is if some 
times moved towaids the right hand at othei times to the left it is then necessaiy 
the chamfer oi uppei f ice of the point should be ground square across to serve foi 
either direction of motion But when the tool is used exclusively from the right 
hand towaids the left the chunfoi hould be so gmund that the left side is the 
higher as this fiom bem Q then the entenng angle of the tool woil s much moie 
fieely fiombeing sloped some oO degiees fiom the horizontal is alieidy explained 
On the veiy same principle an efficient side cutting tool foi ire n to be used m the 
slide rest is denved fiom the tmngulai tool page 5*1 and lepiesented m tlnce 
views m the annexed figure 982 A bar of steel is diawn down at the end to about 


□ 


Tig 982 


3 


v_ 




half its thickness the width 
rather the vei tical height i emammg 
unaltered this nan ow partis chain 
fered on its outer f ice so as to 
be a little inclined from the pei 
pendicul ir and is then ground on 
its upper suifice to mal c a ndgo pai illol with the side of the tool The ridge 
which is sloped ibout oO from the lion/ontil is sometimes on tho right some 
times on the left is the too s aie made in pins and as they will readily remove 
a shaving an inch oi mo e wide i cylinder of six niche diamctei miy be ieduced 
to foui inches oi less at one cut m a lithe having piopoitionitc powei 


Note AT page 5°8 —To follow tlu. puagt iph ending foi to cnei il pm poses 
(0 i lid) u (ting n lal ti i nine/ tools w (ft t afci ) 

When witor is us< d foi lubncatm 0 the tools m turning non with hand toe Is tho 
most simple pi in is to dip the tool oecisionilly into a sm ill vessel coutumi^ the 
fluid A moio effectual way cmpl >ywl m tuning l>y hand oi with the slide rest 
is to make a Hindi mop of a bit of ng surrounded by a loop of wne tho ends ofc 
which iro twisted togcthci to foim a handle as m a bottle brush with which tho 
woik is occasionally moiRtcned 

In tinning with the slide icst oi self acting lathe practicil men often fix a dnp 
can to tho slide icst that the w iter may fall on the woik close by the tool or m 
the best mode a flexible hoso is used thit loads fiom a cistern ibove tliedischuge 
of water being legalised by a small tip Ihose two modes uquue thit metd 
pins should be pi iced bent ith the worl to catch the witci tint runs awiy ind 
also th it some v^ilincc shoul 1 bo excited to 1 cep tho lithes fiom becoming lusty 

Notes AS AT AU and AY —ff o follow the 1 ist lino of pa 0 c ^8 
(On tin Pi moiplct of loots foi Pm ntng and 1 tuning Metals ) 

Iho formation of the tool u ed foi turning and plining the mctils is a sub) < t 
of vuy gieat impoitaiici to tlio pi iclicil enuneei as it is indeed only when tlu 
mathematicd punoipks up >n which such tools act aio closely followed by the 
veil man tint they pioducc thou best effects With a full conutlion ol tlu 
ad\ inii 0 es winch icsult when tlieoiy ind piaetico aie thus issoenUd tho autlioi 
his to cr ngt dulite lmnsclt on bun to able to piescnt tihuieideis two ongmil 
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papers respectively written on tlie subject of the principles of tools foi turning 
and planing metals by Chailes Babbage Esq FRS &c and Pi of essor Willis 
AM FRS &c both, distinguished by their high mathematical attainments and 
their intimate practical experience m the use of tools 

Note AS — [Paper on the Principles of Tools for Turning and Planmg Metals by 
Qhar les Babbage Esq FRS tc <ic) 

Steel of various degrees of temper and under various forms is almost umvei sally- 
employed for cutting metals Before deciding on the forms of the diffeient tools 
it is desnable to mqunemto the principles on which then cutting edges act and 
to assign special names to certain angles on the relations of which to each other 
and to the metals upon which they aie used then perfection mainly depends 

In fig 983 c is a cylinder of steel or other metal and T is a planing o-* turning 
tool acting upon it at the point a A c is a horizontal line passm" thiougli the 
center c and the cutting point a B a is a line pas mg thiough the cutting point 
a and alon the upper plane b a of the cutting tool T C a is a lmc pa sing 
through the cutting point a and alon G the front plane ea of the cutting tool 
D a is a line fiom the cutting point a at right angles to the radius c a 

The angle D a C may be called the angle of relief because by increasing it the 
friction of that face of the tool upon the work is diminished 

The angle C a b may be called the angle of the tool 

The angle B a A may be called the angle of escape because the matter cut away 
by the tool escapes along it 

The forces to he overcome m cutting a thm shaving of metal fiom a cylinder 
or fiom a flat surface are of two kinds 

1st It is necessary to tear along the whole line of section each atom from the 
opposite one to which it was attached The force required for this purpose will 
obviously be proportioned to the length of the cutting edge of the tool and depend 
ent on the nature of the metal acted upon But it will be quite independent of 
the thickness of the pait removed 



2nd The shaving cut off by the tool must m order to get out of its way be bent 
or even curled round into a spiral This second force is often considerable and 
when thick cuts are taken is usually far larger than the former force If the bend 
mg were of small extent then the force to be exerted would vary as the square of 
the thickness of the shaving multiplied by some constant, dependent on the nature 
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of the metal operated upon But the Lending very fiequently pioceeds to such an 
extent that the shaving itself is broken at very short intervals and some shavings 
of iron and steel present a continued senes of fractures not quite running tlnough 
but yet so complete that it is impossible even with the most caieful annealing to 
unwind the spiral This partial severance of the atoms in the shaving itself will 
requne foi its accomplishment a considerable exertion of force The law by which 
this force increases with the thickness most piobably embiaces higher powers than 
the first and second and may be assumed thus 

foice=a + 5 t + c t +d & + 

For the piesent illustration it is unnecessary to consider moie terms than those 
aheady more paiticularly explained namely the constant force and that which 
varies as the square of the thickness of the shaving 

If theiefore t be the thickness of the shaving and A and B two constants we 
shall find amongst the forces requiied for the sepaiation of the shaving the two 
terms 

A + Bi 

where A and B depend upon the nature of the metal acted upon 

We may learn from this expression even without being acquainted with the 
values of the constants A and B that the force required to remove the same thick 
ness of metal may vary considerably according to the manner m which it is effected 
Tor example If a layer of metal of the thicl ness of 2 t is to be removed It 
may be done at two successive cuts and the force requiied will be equal to 

2 A-f- 2 Bt 

But the same might have been accomplished at one cut when the force expended 
would hive been 

A + 4 T>t 

Now the foice leqimocl for the two cuts will always bo less than the force 
requiied foi making one cut lit > — 

A 

Foi let t =-— + i then 
2 B 

Force for two cuts =2 A + 2 + v)=3A + 2.B« 

I oi ee for one cut of twice / / A \ 

the thickness j = A A + 4 B v 

which fonnei is always smaller than the latter force 1 y the quantity 2 B v 
In the same manna it may bo piovcd tint if 

. A A 

t > ~T > 01 t ——r-tV 

wB 

xt will always reqime less foice to make n sepai lie slices than to cut one slice of 
n times the thicl ness for 

I mat for n shoos =» A4 « I 1) A + n, 1 t, 

loiue Cox ni( slice of <n ) /A \ 

times the thickness l ^ A ^ B (^ B + » )=( 71 V A + » B " 

which foimoi foice is ilways less than the lattei by the quantity of (n ~~n) B v 
Ilu m le ol relief shoull ilways be sniill because the point a will in that 
case have its suppoit nearly in a line diuetly opposed to that ioiec acting upon it 

6 s 
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If a tool eithei foi planing 01 for turning is defectively formed or if it is pi e 
sented to its w ork m such a manner that it has a tendency to dig into it then a 
"veiy small angle of relief m addition to a long bickae will in some measure 
counteiact this defect 

i he smaller the angle of the tool the less will be the foice necessary for its use 
But this achantige of a small angle is counterbalanced by the weakness which it 
pioduces m the uppoit of the cutting point Pheie is also another disadvanta 0 e 
m making the angle of the tool smaller than the escape of the shaving requires 
for the point of the tool being m immediate connection with a smaller mass of 
metal will not so quickly get rid of the heat it acquires from the operation of 
cutting as it would if it formed part of a larger mass 

The angle of escape A a B is of great impoitance and it varies with the nature 
of the matenil to be acted upon If tins angle is very small the action of the tool 
is that of scraping rather than of cutting and the matter removed approaches the 
form of a powder If however the matenal is \ery flexible and cohesive m that 
case shavings may be removed The angle I have found best foi cutting steel is 
about 27 but a senes of experiments upon this subject is much requned 

Aftei the form of the cutting tool is decided upon the next important point to be 
considered is the mannei of its application Ihe principle which is usually stated 
for turning tools is that the point of the tool should he neai ly on a level with the 
axis of the n attei to be turned or rather that it should be very slightly below it 
1 his rule when applied to the gi eater number of tools and tool holders is calculated 
to mislead Before applying the collect rule it is necessary to consider m each tool 
or tool holder what is the situation of that point aiound which the cutting point 
of the tool will turn when any force is put upon the tool Let this point be called 
the center of flexure Then the conect rule is that the center of flexuie should 
always be a&O'ye'the line joining the center of the work and the cutting point 
On looking at fig 983 Ac is the lme joining the cutting point a and the centei 
of the work c By making the tool weak about Q that point becomes the center on 
which the point a will bend when any unusual force occurs On the occurrence of 
any such unusual foice arising fiom any pm or point of unequal density in the 
matter cut the point of the tool a by bending around the center Q will dig deeper 
into the work and cause some part of the appaiatus to give way or break 

If on the other hand the point P is that around which the point of the tool 
when resisted tends to tmn then since this point is above the lme joining the 
cutting point and the centei of the woik the tendency of the additional strain 
on the point is to make it sink less deeply into the woik and consequently to 
lelieve itself fiom the force opposed to it 

Foi tunately the position of this point can always be commanded foi it is always 
possible by cutting away matter to make one particulai part weak This is 
indeed a cncum&tance too frequently neglected m the construction of machmeiy 
Eveiy piece of mechanism exposed to considerable foice is liable to fractuie and 
it is always desnable to direct it to break at some one pnticulai point if any 
unexpected strain occur s In many cases where dangei may arise from the intei 
ference of the broken part with the rest of the machinery this anangement is 
essential In all cases it is economical because by mal mg the breaking if it 
occui at a selected spot provision maybe mide of duplicate paits ind the deliy 
arising from stopping the machine be avoided 

The results of the piecedmg inquiry would leid to consideiable changes m tlu 
forms of tools geneially used in cutting metals and is the time employed m taking 
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a cut is usually equal whether the shaving be tl^ick oi tkm the sa\ m to m j owei 
by tal mg tlun cuts separ itely would be accompanied by a considei ible expense of 
tune 1 his however need not be the case if propel tool holders are employed m 
confoimity with the following sever il conditions thus 
The tool hoi Itis should be so contrived as to ka\e seveial cutter successively 
lemoung e]uil cuts —Ihe cutting ed es should be easily adjusted to the woil ■— 
Ihe stool of which the cutteis are toini d should be of the best Lind and after it 
is oucc h it Itnod sh mid ncvei a am be submitted to that process —The form and 
position of the cuttci should be such that it may when broken or blunted be easily 
ounil hvun a but one 01 at the utmost but two faces requiring minding —It is 
dcsn ibk that when bung gr >und it should he fixed into some tempoi uy handle m 
01 dei tint it nny always be ground to the same cutting angles —The cutters shoul l 
bo \eiy scciubly but dso vuy simply tightened in then places —Ihe centei c f 
flexure of the cutter should m turning be above the line joining the centei of the 
work and the cutting point —whilst m planing the centei of flextuie should be m 
adiante of i line perpendicular at the cutting point to the surface of the work 
phrnd 3 xamples of some tool holders of this kind will be given subsequently 
The effects of such mipioved tools would be to dimmish gieatly the stiam put 
upon Uthcs md planing nnelimes and consequently to enable them to turn out 
better woil m the same tune and it a less expense of powei whilst the machines 
tlnmselusso ustd would letun their adjustments much Iongei without leparation 

Note —lo follow Note AS at foot of page 538 
{Ihe audio) a <h s nj tu»i of looh and J oil hohlas f<n turning and plaiwiq mtial 
const) acted by Q Babbaqi Li>q F JR S ) 

In the com so of the mvestig ition which led Mi 1 abbige to write the foiegom„ 
pipu he eonsti acted \ mous expenmentil tool holdeis a pirt of the moie stu 
cessful of v ln<h 1 shill now ittempt to desmbo beginning with these m which a 



md h uitUi is ustd I be (minis nr one fourth cf tin bi/i of the actual to h 
lut till pi >j))iti>UH 1 whu h ml) <i lonisi hi cnlugid oi iiduifd arcoidmg to 
nuim t met i 


> s 
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Tig 984 represents the perspective view fig 985 the plan and abode the details 
of Mr Babbages tool holder foi the geneial purposes both of turning and planing 
metal the tool itself c being simply a short i octangular piece of steel cut off from 
the end of a long bar and ground at the end with one chamfer at about 60 degrees 
•with the length of the blade The stock is cast of gun metil and of a cranked form 
as seen m fig 984 the end being pierced with a veitical hole m which is fitted the 
bolt a having a long diametrical mortise to admit the tool freely as shown and a 
nut and washer e below to bind all the parts together The bolt a passes through 
two circular wedges 6 and d inclined at the angle 27 on their internal faces and 
loosely united by steadying pms the lower cncular wedge has a diametrical 
inclined mortise to serve as the seat foi the tool and which is grasped by the 
margins or walls of the wedges when the bolt and nut ai e tightened 

Sometimes the cutter lies centrally to the shaft of the holdei as shown m fig 
984 and also by the cential dotted line m the plan the veitical branch of the 
holdei is pieiced with a mortise then to receive the superabundant length of the 
steel cutter but at other times the cutter is inclined about 45 m either dnection 
as represented m the plan fig 985 and the utter then just escapes the stock 
through a little notch filed for the purpose 

1 he one inclined position has been lepresented m the plan fig 985 and m this 
case the point of the cuttei lies in a very fivourable position for turning either 
cylindrical or plane surfaces as the cutter stuids m advmce of the stock and may 
proceed into an internal angle such as the joiuing of a mass composed as it were 
of two cylindrical blocl s of different diameters The tool when simply bevelled 
or ground with one chamfei w ill not perfect the inner angle of the woik on both 
faces hut which may he done if the tool is ground with two faces or as a pointed 
tool meeting at an angle a little less than 90 

The figure also represents a very useful addition applicable to all the tool 
holders and slide lests for metal turning namely a little eye shade which is no 
more than a small piece of window glass attached either to the tool holder or 
any part of the rest m a spung clamp which letams it at about an inclination of 
40 or 50 degrees so as to be nearly at right angles to the line proceeding from 
the pomt of the tool to the eye of the workman which it effectually shields from 
injury This simple contrivance which maybe ieaddy added to any slide rest 
enables the worl man mriowly to inspect the course and pi ogress of the tool and 
yet defends his eye completely from the shavings 

Fig 986 represents the perspective view and fig 987 the end view (full size ) of 

Mr Babbage s tool holder for internal 
woil s and the small parts are shown 
detached also full size 

The cuttei s c ai e shoi t pieces cut off 
from a bar of steel fluted m the planing 
michme to give that which Mi Bab 
bige h is doscnbed as the angle of relief 
and they aie slurp ened almost oxclu 
sivcly at the end neuly squaie acioss 
oi slightly clnmfued or rounded at the 
comci This tool holder is made of 
steel the end is tinned cylindrical 
and a cleft is sawn with i thick cncular 
cuttei oi saw down one side neaily to the axis and entirely acioss the end to the 
depth of about one diameter and a half 
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In the end view fig 987 c lepresents the cutter b the block against which the 
cutter rests and s the sciew that passes through b and holds the seveial parts m 
contact The tool may be made to cut on the right or left hand side at pleasuie as 
c and b each reverse To enable the cutter to lesist being diawn out by the force 
of the cutting action the smxll square wire repiesented black is added this squaie 
wire fits a groove planed out in the tool holder and lies m the flute of the cutter 
so as to secure it 

In this internal cutting tool as m all others of similar kind a hole must be dulled 
or otht rwise made m the woik to admit the shaft of the tool before it can be used 
and from the contricted measure of the tools used foi turning the mnei sui fices of 
small pertures the most sui table angles cannot be 0 enei illy given to the mtei nil tools 

Iigs 9o8 and 989repicsent m the entneand dissected stites one of se\eial tools 
contiived by Mi L ibbige foi turning wood by means of the slide lest A small part 
of the end of the gun metal tool holdei is inclined to the stem and the exti erne end 
is filed convex to fit the concave side of the gouge c which is ground on the outsi le 
exactly as usual with a gouge used by hand The cutter is retained by means of 
the strap d which embiaces the cu^tei and also two little blocks a and b fitted 
together with a chamfered joint so that the middle piece which is earned down by 
the centi il binding sciew, lets as a powerful wedge and fills out the space within 



the loop consequently the tool is giasped with considerable fiimness against the 
rounded end of tho holder oven when the piossure of the screw is veiy model ite 
The sciew requires a groove below its head and the wedge 5, a corresponding pin 
or key that it may be raised to release the tool when the screw is unwound 
In some of these tools the cutter is circuit as a gouge m others straight as a 
chisel or angulai as a pointed tool and of these three vai leties some have bent 
shafts the ends of which not only dip down wauls as shown m the side views 
figs 988 and 989 but aie also inclined honzontally at an angle of 45 as m fig 990 
m order to produce the same effect as the inclined position of fig 985 and enable 
the same tool to sei ve alike for turning cyhndnc xl or pi me surfaces at the one fixing 
The whole of these cutters foi wood act m a vigorous and efficient manner 

I shall now say a few woids on Mr Bxhbages notions of the employment of 
cutting tools with many points, so that the woik may be equxlly divided among all 
the pomtb 
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The most simple case quoted by Mr Babbage is that of the screw tap in. which 
to cany out his pnnciple he cuts 6 or 7 longitudinal giooves instead of tlnee only 
the faces of which giooves are undercut or inclined to the radius although not 
fully to the approved angle of 27 they more lesemble those taps called by work 
men original taps shown m figures o50 and o5 1 pige 591 but they neveitlicless 
answer for tapping and screwing the finer class of woil as they produce tine 
thieads and work treely The circular tops of the thieadsare is usuil a little 
cleaied with the file unto near the cutting points and in the lirger sizes of these 
tap the flutes aie undercut to admit of their being shaipened on a revolving lap 
A not hex example quoted by Mr Babbage is that of Messrs Whitworth s key way 
cutter foi making the internal grooves m the holes of wheels for the keys by which 
they aie fixed upon their cjhndncal shafts The cutter is a cylmdiical rod of steel 
thiough which are made about ten or a dozen rectangular mortises placed at equal 
distances and m a right line Every mortise is fitted with a smill steel cuttei the 
sides of which aie made exactly tiue m the engineer s plimng machine the first 
cuttei is sharpened so as scaic ly to project beyond the srnface of the C}lmdi eil 
bar the second piojects a little moie than the fiist and so on to the last the \ rojeo 
tion of which equals the full depth of the key way When used the bar is first put 
into the hole of the wheel and which it should exactly fit and the bai is steadily 
pushed quite through the hole of the wheel oi pulley by aid of the steady move 
ment of an appiopnate screw pi ess 

This mode ot action always cuts the key way parallel ind not tipei asfi equently 
wanted "From the uhdivision of the woik among t the many cutteis the woik is 
well dine and almost without injury to the cutters which shnildbe sulficuntly 
close tog ther that the succeeding cutter may entei the groove bcfoiethe picvious 
one has passed through the same m other word the interval between the cuttas 
should be always less than the thickness thi ough the boss of the wheel The cuttei s 
after hiving been sharpened are set foiwaid by aid cf little sciews fitted m a thm 
bar inlaid m a chamfered groove extending the w hole length of the cutters 

Figs 9)1 and 99 > represent Mr Babbages tool holder with many blades foi tin 
planing machine This tool holder consi ts of two parallel bais of gun metal united 

to ci oss pieces at the ends so as to 
form a nanow centr il cleft the side 
bais aie pieiced with sever il holt s 
which leceive as many pins tint 
constitute the centers upon wlmh 
a senes cf shoit pu allei blulcs are 
jointed to the lioldei Whenm use 
the blides aie separated by pai ilk 1 
slips of biass and it the loit o\ 
tremity is a blue! to which is given 
tho mclm itiou of °7 and the end 
sciew being fastened the whole of the blades aie fixed at tint mglo Mi B ibbago 
says m making another tool holder of this kind he would cast the hohloi m one 
piece and tighten the cutters by the method of the sciew and wedge a b fig 9SS 
In ordei to shaipen the cutters the hi iss sepaiatmg pieces and the mglo bl >ck at 
the end are removed and all the flat pieces then fall down so th it tin u chimb red 
ends he m a straight line when thus fixed by the end screw the n eli imfi is aie all 
ground at once upon a lap on the re mseition of the hi ass plates the tools bristle 
up like so many saw teeth aftei the manner shown I he tool is fixed m the pi inmg 
janchme at such an inclination that the first cuttei penetiatcs but i little way 
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and every succeeding cutter penetiates more and more unto the required degiee 
owing to the inclined position of the tool holder the difference m elevation 01 
projection of its two ends being exactly ep.nl to the intended thickness of the 
shaving to be removed and the two tails of the tool holder enable each end of the 
same to be securely gi asped m the planing machine (See fh st paragr iph page 982 ) 
Pig 993 a face cutter for the lathe is the last of these tools which Mr Babbage s 
occupations have given him leisure to devise The cncular block is screwed to the 
lathe as an ordinary chuck and on its cylindrical surface are cut 10 wedge form 
& i coves or notches the one side of every notch is exactly on a diameter the other 
side of the notch is inclined a few degi ees and fitted with a parallel steel blade 
and a gun metal wedge the seaeial wedges aie sent forwird by tail screws tapped 
through a img screwed on the bad part of the clmcl oi otherwise attached 
1 o sharpen the blades they aie lemoved fiom the chucl and placed m the rhom 
boidal canty of a tool holder shown in perspective m fig 995 and in pi in in fig 99b 
the sides of the cavity ai e xiarallel and in pans but inclined m both dnections to 
the angles at which the cutters aie giound upon a levolvmg lap the horizontal 


Iigs 993 d 991 995 



angle seen m 990 is 21 degiees the vertical is 16 By means of this holder 
the chamfered ends of the cutteis are all thiown into one plane and the sides of 
the cutters into anothei plane and secured by two equil oi folding wedges the 
ends rad sides of ill the cutters ire then ground cn masse 

When replaced m the chucl a distance plate d with a ccnti il pn jietion oi boss 
is hist fixed to the end of the cIiuck the cultus aie illowcd to rest in contact 
with this pi itc xnd on the sciows bunjL tightened every cutta becomes fixed by 
its wedge and the (list race pixie ensiucs the ends of the cutters lying on one 
phne and as rmuh m advince of the end of the chuck aB the space between the 
chuck and the ieduced maigm of the distance plite 

This cuculai cuttei with n movable blades maj be viewed as a immatui e and 
refinement of some of the luge boring tools md cutters with loose blades figs 51b 
and 517 pi 0 es 5( 9 md 571 and the tool hoic hown has been extensively used by 
Mi Babbage in f icing all lands oi lectilmcai pieces which ue at the time fixed 
m the slide rest oi in a umveisil chuck with screw jaws attached to the slide 
rest by meins of which the woiks are earned past the end or f ice of the slowly 
ievolving cutter which selves foi sovoral of the metals including steel but the 
most effectively for briss and gun metal 

Note AU —To follow note AT at the foot of pige 538 
{Pape) on thept maples of loots fo) fuming and Planing Metals fojthe Rev Prof 
Wdhs of Cambudgo A MIR S ic ) 

let FGHK fig 997 repiesent a rough cylinder of metal running m a lithe between 
the centers M and L and suppose that this is subjected to the action of the tool 
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DBE which in the figure 13 supposed to have travelled from A to B for the pur 
pose of turning the surface of the cylinder The tool is fixed m a slide lest by 
which it is carried m a direction paiallel to the axis of the cylinder it moves at 
such a rate that dimng each 1 evolution of the cylinder the point B of the tool is 
carried onwaids through the space B b The proportions of the figuie are greatly 
exaggerated for the purpose of showing the effect proposed to be illustrated for 
m piactice as is well known although it is true that the effect produced by the 
tool m turning a cylmdei is to trace a screw upon the surface yet the thread of 
that screw is either so fine from the slow motion of the tool that it appears as a 
mere roughness of surface or else it is so flattened as to disappear from sense * In 
this figure the screw must be considered as an exaggeration for the sake of explanation 


f Fig 997 Q. 



Since DBE and die represent the two successive positions of the tool at the begin 
ning and end of one rotation of the cylinder a little consideration will show that the 
shaded space between them namely min is the section of the spiral shaving which 
runs off the work during the process of turning In this diagram In is the bieadth 
of the shaving and bm its thicknes but by varying the position or angles of the 
tool and its relative motion to the work it may happen that the reverse maybe the 
case that is to say that bn may be the breadth and bn the thickness In all 
cases however the two cutting edges of the tool are employed m detichmg the 
shaving the one (as BL m this figure) separating its breadth from the solid and the 
other (as 1)B ) separating its tliicl ness or t ice vei&d 

In adjusting the position and angles of a tool foi turning 01 planing a given piece 
of work it appears to me essential that its action as shown by such a di igram as 
this, should be well foieseen and investigated and I can only regret that the narrow 
hunts within which I am at present ciieumscnbed prevent me fiom explaining the 
consequences of this pnnciple by a variety of figures 

For example In practice if a tool weie used m the position of fig 997 the 
motion would be slow and the space B5 or mb which is the thickness of tbe shaving 
would be much less than m the diagram It would be usually argued that BE was 
the real cutting edge and that the shaving would come off without the assistance 
of the othei edge BD Nevertheless the action of this edge BD is the only one 

* In fig 997 the thread of the sciew is inadvertently drawn so as to incline m 
the wion to direction In fact the figure now shows the lowei smface of the woik 
seen ti ansparenlly instead of the uppci as it ou^ht to have done 
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which is left upon the surface of the work and if the shaving he torn off edgewise 
by neglecting the action of this edge the surface will necessarily be left lough 
By placing the edge BD still more nearly or even exactly parallel to the axis of 
rotation and rounding off the corner D * to prevent it from catching the surface the 
screw form may be wholly obliterated and if the edge BD be carefully sharpened 
a finished surface will result for it is clear that thus the edge BE is wholly occu 
pied with the hard woik of separating the breadth of the shaving and that the 
suiface which it lea\es at each turn is wholly removed m the next wheieas the 
edge BD has the lightei woil of separating the shaving edgewise and the suiface 
which it leaves is m fact the \isible suiface of the woik when completed 

Let us now examine the angles that may be given to the tool edges Fig 998 shows 
the pointed tool m its simplest form AB and AG are its cutting t dges The stem 
of the tool may he of vanous shapes foi convenience but the cutting portion of the 
instrument is bounded by three plraes namely two side plants one of which only 
S is shown m the figure and a third or 2 ippei plane U The intersection of this 
uppei plane with the two side planes respectively produces the cuttingedqes AB AC 
and the intersection of the two side planes produces the line of the front angle AD 
By a proper management of the inclination of these planes to each othei we 
obtain the desned form of the point of the tool and the proper acuteness of the 
cutting edges This is the subject; to which I wish m the next place to direct 
attention 

The front angle upon AD determines the form of the point of the tool m plan 
and also the section of the shaving as already explained As to the cutting edges, 
a greater 01 less inclination of the upper plane U of the tool to the horizon (always 
supposing the tool to rest on a horizontal bed), will produce a greater or less 
degree of acuteness m these cutting edges 

If the upper plane he horizontal the cutting edges will plainly be square whatever 
be the fiont angle of the tool But if not then the angle of the edges will vaiy 
conjointly with the front angle of the tool and the inclination of the upper plane 
Diffeient metals and qualities of metal icquuc different degrees of acuteness 
m the cutting edges which havo not been is fu I lnow exictly determined 
In the present case I will assume that wrought non fcqunes an edge of 60 cast 
iron of 70 , that brass may be roughed out with an edge of 80 and finished with 
one of 90 These angles I believe to be very near to the best piobably a varia 
tion of a degree or two is of little consequence But as the finishing of some 
lands of woik requires that the edge of the tool should endure through a long 
process without giving way and requiring fresh grinding it is of some importance 
that the angles of the edges should be carefully investigated 

In grinding a tool of this foim it is convenient to consider only the angle which the 
upper plane U makes with the line of the front angle AD In other woi els the angles of 
the cutting edges AB AG being equal if we suppose a veitical plane to pass tin ough 
AD and make equal angles with the side planes S it will cleat ly mteisect the upper 
plane m a line A/, bisecting the angle BAG and the upper plane will be poipencil 
culai to this vertical pi me A 1 ough goniometer I will enable us to grind this upper 

* In f ict theio is no occision to lound off the comer D because the cd 0 o 1 D is 
m most cises inclined downwudi and the comci D caincd thuehy clou of tko 
surficc of the worl except in free tuimn 

| By tins turn is me wit 1 firnio atUilicd to a rindin^ michine capiblo of bcin 0 
set it diffeient m to lcs so is to ensmo that the tool which rests up< 11 d <Uuin to the 
pioeess, shill icecne it pio^d fonn A joiuo Ud would be 1 bcttei name 
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plane at any desired angle 7 AD and thus to ensure that the cutting edges shall 
he alike 

But this angle &AD is not the same as that of the cutting edges and the question 
to he answered m every case is the following —Giien the front angle of a tool {i e 
the plan of its point) and the cutting edge i equated by the metal which it is to cat to 
find the angle of inclination J AD of the tippet plane This is an affair of tngono 
metrical calculation and foi practical purposes is best resolved into the form of a 



decimals when it occurs as 69 5 
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85 

80 

75 

70 

65 

60 

55 

50 

45 

150 


80 
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69 5 

64 

59 

54 

48 5 

43 

140 
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74 

69 

63 

58 
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47 
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79 
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62 
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51 

45 

39 
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42 
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78 
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77 

70 
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42 
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To ubg tins table tike the column which conesponds to the requited cutting 
edge The degree placed opposite to the front angle of the tool will show the 
inclination of the u] per plane U to the front angle namely the angle JcAB Thus 
to obtain cutting edges of s 0 for a tool whose fiont angle is 90 the plane U 
must be ground to an angle of 61 with the line of the front angle AD 

By means of this table severa curious results may be obtained For example 
I hive often seen tools for turning iron m which the front angle AD has been 
made CO Now lefenmg to the table m the column for 60 (the proper cutting 
edge for non) we find zeio opposite to the front angle 60 indicating that the 
desired form is impossible thit is to siy that it is impossible to pi ice the upper 
plane of the tool at an angle thit will cause it to make the desired cutting edges 
of 60 The same front angle of 60 undci a cutting edge of 65 gives the angle 
A,AD equal to 33 which is still too acute foi the requned stiength and even a 
cutting edge of 70 leqmtes the weak angle 7 AD of 47 In short no propei edge 
can be given to an iron turning tool whose fiont angle AD is not greater than 60 
1 o pioduce a stionger point the fiont angle of the tool is sometime ground flit 
as at / m fig 999 so as to make a short intermediate cutting edge m n It is clear 
that the angle of this new cutting edge m n ib the same as 7 AD m fig 998 m the 
tible which table will therefore serve foi this new form 9 his shows the impossi 
bility of making the front cutting edge m n with the same angle as the other two 
foi the foi mer will be much moie acute than the latter except they be all square 
edges If it were not for this circumstance this form would give a strong and 
effective tool so that it is worth while to examine the amount of the objection 
Supposing the front angle of the tool (which m this case is the angle at which 
the two side planes would meet) to be 90 the table shows that if the lateral cutting 
ed es aie 60 the fiont edge wi n will be 15 As this is too acute to stand let 
the front edge be made 60 this will give about 70 for the side edges Por iron 
and steel tools then this form is bad because the difference between the angles 
of the cutting edges is too great The best foim for these metals appeals to be 
one m which the front angle of the pemt is made as obtuse as possible and both 
the cutting e Iges alike 

I oi example the fi out angle m iy bo m ule equal to 135 This conesponds by 
the tiblo foi a cutting edge ot 60 , to a veitical angle 7 AD of 57 and pioduces a 
vtry stiong tool simihi m fom to the pait of fig 999 which is included between 
the planes b and / but having both its cutting edges of the same degiee of acuteness 
The same remaiks apply but not peihapssofoxcibly to the case of tools for cast 
iron m which the cutting edge should be about 70 Thus if we give to the foim 
fig 999 lateral cutting edges 1 m C n of 70 (supposing as before that its side planes 
arc inclined at 90 ) the fiont edge m n will be only 61 and if we make this fiont 
edge 70 the lateral edges will be about 76 Thus the difference is much less 
than m the fonner example but still the form of fig 998 is piefeiable and the 
mine obtuse the front angle is made the stionger will tho point of the tool be 
An angle of 150 may be given to the fiont angle AD 

Sometimes tools ue mule neaily like fig 999 but m which the front is rounded 
off as m fig 1000 instead of being blunted by a pi me is at/ These are Inble to 
the same objection as the foim fig 999 namely the impossibility ot giving an 
equal angle to all the cutting edges loi compiling fig 999 and fig 1000 it is 
clcu that the veitical angle 7 VD is the s ime m both and thit m tho round point 
this angle passes through all degiees of acuteness bitween tint it A and tbit it 
h instead of abruptly changing from on< to the other it m is m fig 999 
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Besides this a shaving which is separated by a round tool and which conse 
quentlj has a cuived section cannot roll itself off the woik with the same ease 
at a ribbon shaped shaving does It thus opposes greater resistance to the edge 
of the tool and blunts it sooner Also a round pointed tool is more difficult to 
keep in older than a tool whose edges are formed by planes alone 

On the whole then I am inclined to leeommend the obtuse pointed tool for 
cylinder turning and the planing of flat surfaces but the tool should terminate m 
an angulai and not a rounded point and the edge BD (see fig 097) should be set 
neat y o> quite pai ullel with the path of the tool as from A to B m turning a cylinder 
or planing a flat surface For more complicated figures of course different forms 
must be adopted as for planing into corners or turning projections but the same 
principle of keeping the front angle AD fig 998 as obtuse as possible may always 
be recollected "with advantage 

There is yet another point to be remai ked In the above pages the tool being 
assumed to rest upon a hoiizontal plane the side planes S may be supposed to be 
vertical and consequently the line of the fi ont angle AD vertical also 
But Mi Nasmyth has well explained the necessity of inclining these planes to 
an angle of about 3 from the vertical This produces m AD an inclination fiom 
the vertical which varies according to the amount of the front angle of the tool, 
but which must be taken into the account m the constiuction of the gomostat 
For the angles given in the table above are the angles &AD and not the angles 
which the upper plane makes with the horizontal plitform or the slide lest upon 
which the tool is seated The following table therefore is given to show the 
angle which AD makes with the vertical line An under different angles of the 
front always supposing the plane S to make an angle of 3 from the vertical 
according to Mr Nasmyth.s statement* 


Front Angle 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

oO 

40 

Vertical Angle 
m AD 

3 5 

3 10 

3 17 

3 27 

3 38 

3 53 

1 12 

4 44 

5 11 

6 

7 

8 39' 


The above remarks are offered m the hope that some one with the proper 
opportunities will be mduced to make experiments upon the best form and edge 
of tools for different matenals ® 


The relative angular positions of the planes of the tool point and the diflfeient 
hinds of edges pioduced may be made clear to persons not fimiliar with geo 
metrical notions by large wooden models m which the thiee principal planes 
being cut the resulting edges may be measured with a goniometer 

Note AY —To follow Note AU at the foot of page 538 
(A Papei on a, new fo) m of tool holder with detached blades foi turning or planing 
metal and on a new mode of fixing down tools upon the slide rest hj Piokssoi 
Willis A M Ac) 

Instead of making the cutting portion and the stem of a tool m one piece of 
steel the cutting part is sometimes formed out of a small piece of steel and the 
stem is fui mshed with some convenient contrivance foi grasping it 
This principle has several advantages especially for amateur workmen who can 


* t001 61,1100 fol &Lomu S thM ™gle i* deenbed md figmed on 

page ox the text 
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shape and temper a Rinall piece of steel but who may not be provided with a 
forge and appaiatus necessary for the construction of a complete tool Besides 
the process of tempering can be moie effectually earned out w ith a small piece 
than when we have to deal with the end of a laige lump I do not 1 now the 
hi tory of this contrivance Mr Holtzapffel has had foi many years on sale a tool 
on this principle and I have also seen it m othei factories * 

I will proceed to describe the foim into which I have put it for the purpose of 
expei imentmg upon the angulai foims of the tool edges deduced m the preceding 
pages As the cutting extremity of the tool is bounded by three planes the piece 
of steel may be ari anged with respect to those planes m different ways according 
to the puipose required 

Ihus a tnangulai prism of steel may be adopted of which the fiont sides S fig 
1001 m ike the same angle with each other as that of the side pi mes of the pi oposed 
tool The stem of the tool must gi isp the pi ism so 
that these planes may make an angle of 3 fiom the 
vertical and the upper plane U only must he ground . 
fiomtime to time at the proper angle the prism 
being of course raised m its clamp so that the point 
shall al vays coincide with the level of the axis of the 
lathe Tins is the ai i an gem ent of Mi H ol tz ipffel s^g 
tool It does not allow of different angles being ti it d 
for the side planes because the giaspmg pait of the 
stem is so fitted to the angles of the prism as not to 
admit of prisms of diffeient front angles being in 
seited And indeed this would not be practicable 
for accoidin" to the second table which I have given 1003 
it appears tint the angle of inclination of the pi ism 
would b diffeient foi diffeient fiont in les lut 
wlien the best fiont angles aic detemunel this 
ariangement will probibly be found vciy effectual 

Anotliei method is to el imp the steel pnsm it such an angle that its uppoi 
surf ice U fig 100 } may coincide with the uppoi pi me of the tool and m this 
case the side plinesScan be giound at any desired angle but the angle of the 
upper plane lemains fixed 

I have found it convenient to choose an angular position for the prism that 
shill as m fig 1003 he between the mean pliee of the upper plines of the tools 
and the places of the side planes Thus if C fig 100 be the pusm inclined at 
an angle of 50 to the hoiizon side plines S may be ground at its uppei end and 
also an upper pi me al 

Ihe section of the pnsm being thus indepcndc lit of the relative angular positions 
of the three pianos that foim the cutting oxti unity may be detu mined solely from 
considei ations of convenience foi f lality of shaping and fixing I have employed 
round steel wne of the largest divmcter usually kept in the shops (namely I anoa 
slme bright steel wire) and filed sliglitlj flat on the uppoi smface as shown in tlio 
succeeding figui es When tlio side pi anos have been formed the gi nuling may t al e 



* Bie mthoi bolicvcs that tool holders with small detached nittus vino (ml 
used m the bloc 1 m ichmoiy at 1 oitsmmitli and smcelS Obelus In civ unplty <1 

vinous 1 uids of these tool hollas in lus imnufutoiy face text pi 0 es5do 0 "huo 

si me ot the tool holdcis lie described ml figuicd 
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place on the upper plane alone for some time thus beginning at ab we may gi md 
down to cd then we may grind the side planes afiesh and so on 

I will now describe the stem and clamping appiratus figs 1004 1005 and 1006 
A bai of non ABODE shown m elevation m fig 1004 serves as the foundation 
of the instrument It is straight and square from A to B which portion is the 
stem of the tool by means of which it is fixed in the tool holder of the slide rest 
fihe form of the pait BODE which receives the steel wire PQ is given m the 
elevation It is bounded however by the same vertical planes as the stem AB 
An angular notch is filed at DE for the reception of the wne The axis of the 
wire when clamped into the notch should lie m a vertical plane parallel to the 
sides of the stem and should make an angle of 55 with the horizon The section 
of the notch is shown m fig 1005 which is a plan of the tool oi rather projection 
upon a plane perpendicular to the axis of the wire The inner side of the notch 



is sunk perpendicularly to the side of the tool so that the fiat side of the who 
may lie upwards The wire is clamped into the notch by means of a piece I 
The foim of this piece is shown m fig 1004 and is veiy neaily the same as that cf 
the extremity of the stem niece The screw K tipped mto the stem piece 
presses P into contact with the wire along one extiemity GH and with i shoit 
pm M (fixed mto the stem of the tool) at the other extiemity To cnsuie the 
fiim giasp of the wire the following anangements are made — 

The fiist requisite is that the clamping piece F should be left at libeity to tal e 
a secure bearing upon the wn e If the latter a ere pei fectly straight and cylmdi ic il 
and the under surface of 1 perfectly flat this hearing would take effect along the 
line GH which is the line of continence of the said plane and cylmdei 
But m piactice a rounded oi twisted surface would defeat this object and thei e 
fore the middle of the bearing surface of the clamp is filed away is shown in tin 
front view fig 1006 so as to msuie a pinch at or near each extiemity of the lnu 
C H (Foi the same reasons the notch in the stem piece should be filed away in 
the middle as also shown ) 
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The bearing at the other extremity M of the clamp is upon a round headed 
short hard steel pm driven tight into a hole in the stem piece I he head of this 
pm is recened fieely into a notch filed lengthwise m the tail of the clamp as 
shown by the dotted lines This allows the clamp to settle itself freely upon 
this beaung point and at the sime time prevents it from turning round and shift 
mg its pi oper position upon the stem 

Thus the piessure of the screw K is distributed upon the three points G H and 
M and by the well known pnnciples of statics if IT be the bisection of GH and if 
the center of K he m the straight line joining N ind M then will the pressure of 
the screw be equally divi led upon C and H whatovei be the angle GNM Fui 
thei if MK be equal to twice UK the piessuie of the sciew upon all three points 
will be equal However it is better to thiow M as fai fiom tbe screw as possible 
for thus less pressure is exeited upon M and theiefoie more upon G and H 
Finally to ensure the fiee transmission of the pressuie of the sciew to the cl imp 
without jamming or wedging a spherical washer L is interposed between the head of 
the screw and the clamp and is leceived into a coirespondmg cavity turned m the 
clamp If this be thought too expensive an ai rangement the lower part of the head 
of the screw may be made spheucal and received mto a conical or countersunk 
civity Care must be taken to make the hole in the center of the clamp F through 
which the screw parses considei ably larger than the diameter of the screw else 
all these ariangements to enable the clamp to settle itself fieely upon its beaiing 
points may be defeated by its bang dnven later illy against tbe screw A short 
wire spnng coiled loosely loundthe sciew between the clamp and the stem piece 
and touchm 0 the clamping piece between Iv and N serves to press tins piece out 
w ards against the spheric il washer and also keeps it in contact with M and thus 
prevents it from hanging loosely when the wne is withdiawn 

( 1 nt w Tool holda for the Slide o est) 

In the oidmaiy tool h( ldei 01 conlmance by which the tool is secured to the 
tiblc of the slide lest no piovision is nude foi placing the tool m various angulir 
positions I he stem must lie pai illil 01 vuy liculy so with one side 01 the otlu i 
of the talle 01 m othei woids we have but the choice of two <luactions f >i its 
stem If lb be desned to present the point of a tool m an oblique dncction it cm 
only be effected by bending the tool itself 1 am aw ire that contrivances hive 
been proposed to enible the tool to be fixed aii D ulaily as foi eximple Mr Pais 
son s Improved Box for a slide rest (desenbed m the S ot ut if of Aits T i amaction* 
Vol xlvm page 240) which is I believe but little used and m principle of con 
stiuction is entirely different fiom mine 

I he contrivance I am about to desenbe I consti noted m tho spnng of 1842 md 
have had in use evei since aud it wis also immediately adopted by Mr Holtyapflel 
by whom it has I believe been found peifectly effective * It enables the tool to 
be fixed at any nquiied angular position upon the table of the slide rest and is 
besides capable of being entnely removed fiom the table so as to leave it fiee f >i 
tho leception of othei contrivmccs as for dulling cutting wheels %c 1 ho tool 
holder is shown m plan m fig 1008 and m elevation (partly sectional) m fi e 1007 
In this tool holder the tool is seemed m its position by the action of a singh 
nub A which is tapped to a stiong sciew pillai BG llus screw has a lound shoul k r 

* Ncaily all the sliding rests m the authoi s manufactoiy hive been fitted with 
Mt Willis s appai ilus for rt i isping the too f s and which inswcrs so complcbcly as to 
le ilways adopto l m shdui to usts foi mctil tuinm now mi lc thoiun 



1000 


APPENDIX—NOTE AY 


below which bears upon the surface of the table beneath this shoulder is a shoit 
portion of screw C which is tapped into a hole m the table The screw pillai can 
therefore be removed or replaced by means of a hey applied to flat faces filed upon 
the shoulder The pressure of the nut A is transmitted to the upper surface of a 
triangular clamping piece DEF fig 1008 through the interposed sphencal washei 
G- which works freely m a corresponding cavity m the triangular clamp as shown 
m the section fig 1007 

Two short rounded studs of hard steel D E are driven into the lowei side of the 
triangle and rest upon the upper surface of the stem of the tool At F a sciew is 
tapped stiffly into the triangle and its lower end being rounded like those of the 
studs D and E it follows that when the nut A is brought mt i action its pressure 
upon the triangle is resolved upon the three bearing points below, namely upon 
the two D E which press upon the tool and clamp it to the surface of the table 
and upon the third at F which pies es upon the table through the intermediate 
piece H which is principally interposed to save the table fi om bruises 

If the nut be loosened the tool and trian 0 le aie set at libeity and the latter may 
be placed m any requned angular position when a turn of the nut at once fixes it 


B 



completely But as it is necessary that the tool should be undci the studs D F 
and therefore always at the same distance from the center of the sci ew the mtei 
mediate piece H is contrived also to answer the purpose of guiding the stem of 
the tool readily to this distance 

The outline of this piece is exactly the same as that of the tuangle uncloi winch 
it lies with the exception of the side which is parallel to the tool Tlio side is 
made at such a distance from the center of the screw th it when the tool i csts 
against it it is set m the propel position to leceivc the piessuio of the studs D E 
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of the tmngular clamp The dotted like 1c l fig 1008 is the bonndaiy of the 
lowei piece and at the opposite extremity of this piece a thick lump is formed m 
which a notch or gioove is filed m a direction pointing to the ceiltei of the sciew 
pillar This groove ieceives the end of the sciew F as already explained The 
foirn and thickness ot the lump and the position of the gioove aie shown by the 
dotted lines in the figured 

The tuangle ind washer are drawn m section m the upper figure to explain the 
adjustment of the w-asliei G- As the upper suifice of this wa her is always hon 
zontil the hole need be no lugei than is sufiicient to pa s fieely up md down 
the sci ew pill ir but the case is dilleient with the tnun a le D I Jb foi as that m 
lequncclfo iccommodite itseli to modular tlucl nesses of the tool tint miythiow 
it out ot the honzontal position the hole through which the sciew pillai passe 
should be laige and slightly conical as shown m the section In fixing the position 

of the screw pillu upon the table of the slide icst it should he pliced at such a 
distance fi om the two edges that the bearing points D L F of the tri ingle may not 
hang over the edges m any position but that the tool may be always clamped within 
the limits of the table the dotted circle m the plan expl uns this sufficiently 

A circul ir hole m the middle of the piece H fits loosely the shoulder of the sci ew 
pillar and is the end of the sciew F is received freely m the groove of themteime 
diate piece which latter is thereby kept m its proper place below the triangle it tol 
lows that the whole combination of tool tmn 0 le and intermediate piece may be 
swunglound the cenfial pillai without escaping tromthen pioper relative positions 

I he sciew I is mtioduced to allow of adjustment for tools of gicatly dilfeimg 
tlucl ness But if it be neeessaiy to put thin wedges undci eitliei end of the stei i 
of the tool m older to raise oi depiess its point the spheneal washer allows of this 
by tr msmitting fi eely and centncally the pressuie of the nut notwithst mdmg tint 
the uppei suiface of the tuangle becomes inclined fi om the hoi i/ontal position 
It must be also obseived that the tool iniy be pliced either to the right oi left t 
the seiew pillai at pleasure and a spnal spun 0 nny be mtioduced below the 
tuangle to pi event it fiom falling down whin the tool is withdiawn 

Ike tu ingle should be made of such i si/e tint the distxnce between its bom mg 
pins D I in ly bo the same as that which would be given to the binding scicws of 
an oi dm u y tool holdei 


Note AW to follow the first paiagrapk 542 
(Mr F)an7hns Lxpmduu) Outfei BiU) 

This modification of the centei bit fig 457 page 511 enables a senes of three 
tools toboie ill holes intei modi lie between hilt in inch md two inches m dn 
meter and that with veiy little mteifeicnco m the gcnoi il pi maple ot the tool 
In figure 1009 the two parts oi the mstuimeut aio sepai ited beyond the distmce 
at which they aie used m older to show the constiuetion and fiom which view 
it will be seen that the pait a of the expanding bit which is squaied at the end 
to fit the cirpenter b biace is extended at the other end to foim the ccnti&lpm d 
by which the tool is guided I he moveible pait eirnes the seen mg oufctei oi 
mcl ei c and tins pieie admits ot idju tmeut ot clnuutu it be mg attiche L to the 
inun stem by the uvet h and listened tkcieto bj the binding sciew c tint pissis 
through the moitise m the moveible piece tins 1 ttei put is foimed toe institute 
the 1 itei il cutter / by wlneli the timings ue as it wuo swepf out of the hole 
that is being m ide 

3 i 
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When the centei bit is contracted to ser\ e for its smallest diameter as in fig 1010 
the radii of the mcl er and cutter are just alii e but it is found that the radius of 
the nicker mny be increased above one fourth as in the dotted position and that still 


c 



the cutter acts fairly as the sha\ mgs become readily disen aged These expanding 
bits aie not intended to supersede the ordinary center bits of fixed sizes but to sei ve 
f 01 occasional works and they ai e extremely well suited to the wants of amateur s 

Note AT to follow the paragraph page 541 commencing another Screw Angei 
(The A men tan Scieic Auger') 

The American screw auger fi c 46G pige 543 was patented by Mr Wm Ash of 
Sheffield and is desenhed m the Piactical Mechanic and In ineers Mi 0 azme 
Glisgow 1842 Vol 1 page 108 

This description speal s of a different modification of the screw auger fi om that 
described m the text and m which a piece called a guide is employed instead of 
the worm usually soldered to the shaft The guide consists of two thin i mgs 
united concentrically by two fin situated on a dixmetncil line leading two lirge 
semi annular spaces between them Ihe outer liug is made as a shoit conicrl 
sciew the mnei embraces the cential stem of the auger upon which it fits loosely 
behind the cutter 

The auger first boies a shallow hole rnto which the loose guide ring is sciew eel 
to seive foi the guidrnee of the instrument by the ccnti rl nng or thimble which 
fits the auger shift and the shavings have to escape through, the annular a\ aces 
betwixt the two lings This pait of the contrivance appeus howevei to bt fu 
less practical than that described m the text 

Mi Ihmeas Cool e was i awarded by the Society of Aits rn 1771 for the mven 
tion of the screw augei fig 403 page *,43 but the difficulty rnd expense attending 
its first construction appear long to have withheld it fiom geneial use —Aee also 
Smith s Panorama of Science Vol 1 p 113 

Note AY page 554 to follow the pairgi rph ending without figure j 
(Freeman 6 registered Di ill Tool ) 

This is a very useful substitute for tbo dull bow it consists simply of a fiat 
strip of wood from about o to 16 inches long by A to l l wide with an appiopiate 
handle and on one side of the wood is cemtnted r strip oi sheet india lubber or 



APPrNDIN-IsOTrS AY A7 AND B4. 


1003 


cioutcl one The pulley of the dull or dnllstock is made of wood and cylmdnoil 
the diametei and length being about equxl and the extreme angles slightly 
lounded 1 he contact between the wooden pulley md the ca< utchoue will be 
found quite sufficient for the worl mg of small dulls and as the tool is snnplj 
used as a aiolm bow the tedious pi mes ot coi mg on the stnn^ of the oidnmy 
bow ib entiiely avoided 


kot A r/ pi^e 5o7 to f How the econd paiagr nil 
( 1/y ITaeDm Us 1? him 1an %iea Dull tod ) 


Mr MacDow ills impioveci dnllstocl fig 1011 is i very us fulmstiunnt 
acting by icci rocitmg raction and which was ic\\ uded in 1815 by the Sock ij | 
Aits It consists of a rod oi the so called pinion wiic (the foumti n of wluc.lt is 
noticed on pige P6 and fig 294 of vol 1 ) Ike one end of the wnc is bu d up 
to seivc as a sod et toi receiving the dulls the otliei end is foinied into a centei 
point and contained withm a handle oi socl et by which the mstiument is aided 
towards and pre sul into +hc worl the rcmamdei of the mstiument consists at a 
slid r or nut fitted to the nbs of the pinion wne and possessing a handle bavin* 
an umveisil joint 


) 


If tho giooves of the pinion wire were stiai to ht like the flutes of a column the 
nut mi 0 lit be slid up md down without giving any motion to the dull but is the 
wir is twisted to the extent of two oi tlnee turn m its 
length lilc a vci} oblique s lew eveiy isunt i dt cent CT^ 
of the ban Ui ciu&es a cnculii lecipiocatmg motion of the \ 1 

dnllb+ocl to the extent of two oi thiee l evolutions to and \ I Ti 1011 

fio and fulfils b ie office that would otheiwise requue the 
di ill b >w of the bicast dull oi the cioss stall of the up 
light oi pump dull 

Ihe mstiument as abo\c descuhed mswas beautifully 
foi very small holes but tho infill us imentoi w is again 
rewirilcd in the follow uu > eai I >r idditun h) which tho 
powei of thu dull tool is much men ised He fust idded 
a tiansveise or diametric il urn it the foot cuiyin^ two 
bills to Live as a fly md gne momentum but moon 
veuience then occurred fi om tlu weight having to ho sud 
denly stilted md stopped This defect wis judiciously 
remedied by mtioducmg a little c itch wlieol oi iitclut 
in the nut by which as m the luecpict witch ley and 
also m the i itehet drill pigo 5bl the citcli blips o\ei the 
teeth ot the latchet wheel m the iscent mil only moves the drill m the descent 
thus allow in the fly to ict uiunteiiuptcdly and impel thi drill with coutinin us 
motion m the one chicction onh mcl with mcieased fence With the impiovcd 
insti unit nt ie 0 istu eel uudci then imcoltho Continued I a ohm / A t chime dean Di i/I 
h< les can be pieiocd oi fully twice the diameter c1 those which could be made with 
the formei uul m ie bimplo Aichimodcan dull having i leoipioc iting lotion 


y 

1 


Note I A —lo follow the Note A7 on pa e 557 
{Mi Mat I) mill! s Tedanejiden Aielumeekan Dnlhnd foi Denial S uujouj) 

Ibis tod which u i© presented m fig 10P is m ofHioot >fc tin ncipiocdin^ 
Aichumdc m dullstock lhepaits« b e to d ot the succeeding fq me me pita ely 

3 i *> 
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analogous to the coirespoi ding paits in. fig 1011 except that fiom & to d extends 
a straight bai that thinly unites these two parts Ironi d to e is a socket 01 tube 
carrying at c a small dull socket or hollow mandrel at ri G ht angles to the length 
of the instrument and within the tube aie concealed two very small be\il pinions 
the one fixed on the dull socl et the other on the end of the recipiocatmg dull 
shaft h d which is continued within the tube so far as c the bevil pinions thei o 
fore transfer the motion of the recipiocatmg shaft to the drill 

The tube which extends fiom d to e may be moved round m the collar at d 
and fixed m any lequned position by the thumb screw so that the dull may be 
dn ectcd upwai ds downwards to the right or to the left according to the position 
of the hole the dentist has to drill m the tooth of his patient 

Note BB —To follow the Note BA on page 557 
(Capt 0 D Davisons Rectangular D) illstocl for Dental Surgery ) 

Fig 1013 represents an instrument for the same purpose as the foregoing and 
which was invented at about the same time as fig 1012 by an officei of the Putish 
Army engaged m the Ahmednuggur Suivey m India It consists of two slender 


Tigs 1012 



b irs of steel united at both extremities and inserted by the one end into a wooden 
oi ivory handle a at c is a small spindle foi the dulls with an appiopnate pulley 
situated between the two side bars and at 6 is a similu pulley lhe catgut line by 
whnh the dull is moved passes entnely lound the i>ulley of the dull socl et at c 
the two ends then mn parallel with tho stem of the tool mal e each a quartei turn 
m opposito directions ovei the guide pulley l) and then proceed to the extremities 
of the dull bow d d which glasses through the space between the side bars of the 
instrument If the pulley c is situated close to the end of the instrument and the 
dull bow nearly fills out the space between b and the steel fi ime the coul will then 
be l etamed m the grooves of the pullics with little or no risk of its being accidentally 
detached I his instrument like the list may be used m ill the required positions 

Note BC page 563 —To precede Section IY 
(Mr George Scott s Appar atus for Bor mg and Tapping Cast ir on Main Pipes 
for Water and Gas) 

Fig 1014 represents Mi Gooige Scott s appaiatus for drilling gas and watei pipes 
and which was rewaided m June 1846 by the Society A Aits iht paits are all 
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grouped together as if m use but tbe pipe itself is repiesented m dotted lines m 
order that the point of the drill and the apparatus generally may be bettei seen 
a is a semicircular iron strap that embraces the pipe lb c c is a cioss piece with 
a screwed central hole attached to the curved strap by the nuts d d and e is a 
tube screwed into c c and which tube cames the revolving socket f terminating 
m the drill g When the parts are all united and fixed to the pipe as m the flgui e 
the di ill socket f g is handed round by means of a spanner about two feet long 
applied to the square at / and whilst the hole is being pierced the drill is set 
gradually deeper by a screwed nut which is extended so as to constitute the 
handles h h by the movement of which at intervals the drill is gradually forced 
deeper into the hole it is m the act of boring 

When the hole is completed the socl et and dull /<7 are lemoved from the cross 
piece cc and the screw tap shewn sepaiately at ? is inserted mto the same hole and 
the threads of c c and 1 being alike m diameter and pitch c c serves to guide the tap 



very truly into the hole pieviously made By introducing different saddle pieces 
of wood that lie between the stiap a and the pipe and by using smaller dulls 
and sciew taps of tho sime thread the same apparatus maj he made avail able foi 
smaller pipes it is veiy efhcient for its intended purpose and a decided impiove 
ment on foimer methods lhe puncipal part of the tap 1 is left with the thread 
entire to serve foi the guidance and the end alone is iapeicd and cut with scvei al 
notches almost as a conical countersink and which fully sufhee foi tapping the 
thm metal of the pipe —See also text page 558 

Notes BD—BE—BP—BG-—BH and BI —To follow the text pages 
5 Gi to 567 

On Dulls and Boi mq Bits used m lathes and Bo} mg Machines 
Six tools of this class have come to the authoi s knowledge since the foiegomg 
pa e cs weie punted they will he now figured and desenbed by wiy of appendix to 
the text llnee of these tools aie intended to maiutun their seven al dianicteib 
unalteicd the othei three admit of adjustment foi size within cent tin limits lo 
tin best of the authoi s be lief they aie all quite sc pirate ind independent mvon 
tions qqlied to one nculy common purpose 




1000 


APIENDIX-\01LS ED, AND BE 


Note ED —To follow tlie text pa^-es 564 to 567 
(Mi Cottas s lathe ch ill) 

A lathe dull described as the invention of Mi Collas of Pans Engineer is 
figured m page 171 of the Engmeeis and Machinists Assistant Glasgow 1846 
The instrument for gi eater perspicuity is here repi esented m pei pective in fig 1015 
11 ns dull is turned as a cyhndei and peiforated to the extent of thiee or foui dia 
meters with a hole of about one tenth of the exterior size Exactly one third the 


Fig 1015 



cjlmdncal end is removed so as to fomi a longitudinal incision extending to the 
center and hiving ladial sides the extremity of the drill is giound somewhat 
a m the half round bit % 507 page 060 to make the one edge cut behind the 
angulai part a fiutliei poition is i educed 11 the diametrical line and the remainder 
is either cylmducd oi squaie and terminates m a center for the popit head 

The work lining been chucked m the lathe and a shallow lecess turned out to 
admit the end of the bit the 1 vttci boics the hole m the solid metal to any depth 
that rmy be lequired as the core or the small poition opposite the central hole 
extends up the dull shaft ^which it is. considered to guide )and the core breaks off 
in sm ill pieces as the dull progiesses mto the solid metal 

The oidmaiy half lound bits fig 507 nny also be employed for boring holes m 
the solid met il but which is not their common aj plication and when exactly semi 
cncului they lemove the whole of the m til not leaving a core but as usually 
gi ound they leai e the bottom of the hole as a very obtuse cone to make the 
bottom of the hole quite flat the halt lound bits may be giound square acioss on 
the cutting side rad bevelled on the opposite to clcai the bottom But the nearly 
rectan ulai edges of the half round and similar lits requite moie power and work 
lessfieely m dulling holes in fibious metils than the oidmaiy fluted dulls fi^ 
47o pa^e 548 and ux moie tioublesome to entei 

ihe autli gi considers the centi il 1 ole m In Coll is s dull not to be lequired foi 
the pinprsc of guidm 0 it which office is pei formed by its exterior surface and lie 
sees no icison why tlie cutting edge should not as m the half round bit proceed 
bo}ond the center and remove the whole mitenal is in mal mg a flat bottomed 
hole m this ca e the ccnti al pm left by Mi Coll is s dull lequncs after removil 

Note BL —To follow the text pages r 64 to 567 
(C iron ajffds bonny bit iiith chcvjcabh cattas clu util fo om the half ? ound bit) 

Ibis was contuvcd foi bonng h Us m models of guns howit/eis and moitais 
to ivoid the expense of the many long boun 0 bits icqiuied in mal mg a seucs of 
these models 

The stock is constiucted as shown eniue in flg 1016 and detached m fig 1017 
Ihe end of the sfcocl is turned cjlmdncd uid his i notch acioss the extiemity 
extending below tlie dnmctucil line and il o a lon 0 itudmal groove on the un ler 
side The notch lcccivcs tlie cutter c \ hich embiaees the flattened cd^cs ot the 
stock rad is held by two small soiews the gioove receives the bcarm & piece b 
winch is tael by two itlui su ws that me countusunk 
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The outer parts of c and b aie turned to the cylmdncal foim and hardened the 
cutting angle c being allowed to he alw ays more prominent than the two other parts 
One stock was thus made to serve for vinous diameteis fiom 3 of an inch to 
(01 882 to 1 169 ) another for sizes between 1 J inch to If (or 1 297 to 1 66 ) so as 
between them to answer for boring models of the entire senes of Oidnance em 
ployed by the Butish Government when constructed on the scale of one sixth 
their true sizes 

101 dnllm 0- the preparatoiy holes below | diameter the system of three tools 
descnbed m the hist pangraph page 567 was employed so as to ensure the exact 


Figs 1016 



centiahty and tightness of the boie and in foimmg the cuivcd clumbers m 
the vmous models difftient cutteis with tail sciews were nisei ted m a hole 
tipped in the 1 x 1 s of a long boimg bir also used m the lithe The entne scheme 
was quite successful and is peihaps the smdlest example of (viitmlly ) half round 
bitJ with loose cutters 

Note BF -—To follow the text pages 564 to 567 
(lhe Coim k bit with looie cuttcn ) 

Ihe Goinish bit is 1 useful lithe dull appaiently domed fiom the boimg bai 
fig 514 pa G e 569 andlileit is idipted to holes of ceitam fixed diameteis As 
soon m fig 1018 the stock which is oyhndncil tin oughout (except where it is square 
foi the hook wrench ) is 1 ill uged at the one end and his 1 diametricil mortise fitted 
with a cutter c notched out at the one end to embrace the flattened sides of the bai 
and secuied with the wed to e w as m fig 514 But as the Goinish bit is used m the 
lithe and is theiefoie only supported by the walk it the one end and the popit 
he id it the other a bearing piece b is fitted 111 a longitudinal chamfci gioove on the 


Ti rt 1018 



undu side of the stool as seen in the end mow in oidu to 1 eep it cential I ho 
tinec ed es of the cuttei ind boiling piece 1 espectively aie ill turned m then 
pi ice lhe uttoi is bov lie 1 md lounde 1 so is to cut at the liont only iltei 
winch the j, uts tie hudened 
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llie Coimsh bits are not mide foi boles smillei than about l 1 mob m dimieter 
t},nd by means of additional cutters ojid bearing pieces e\eiy stool miy admit of 
an mci ease of si/c of fullv one half its minimum diametei or say fi om about 1 \ 
to 21 inches and larger sizes m propoition This is a \eiy effective tool and is in 
gone a,l uso amongst engineers 

Note BG —To follow the text pages 564 to 567 

(Mtsbis ¥audslays bonncjbits with loose cutter s for bonny the bosses of wheels pumps 
and s nail steam cylinders m the lathe) 

Boiing bits of the kind lepresented m fig 1019 r mgmg from about 3 to 12 inches 
m diameter and with a power of variation m size weie many j ears back intro 
cluced by Messrs Maudslays and employed for bormg the bosses of wheels small 
cj hnders pumps \c The stocks of the smaller sizes of these tools are made in 
wiougbt iron those of the laigei m cist non the cutteis iest m contact with a fillet 
made on the stocl exactly at right angles to the axis and are held down by sciews 
which pass thiough moitises m the cutteis to enable these to be set out to vanous 


F;g 1019 



diametei s The bening pieces beneath although geneially fitted in a chamfer 
gioove aie also made to idm.it of pad mg pieces by which they may be set out 
to mil e the thiee points of beanng to fall m a circle of the exact diameter of that 
to be bored The laiger of these tools the cutteis of which aie 4 inch tl id are 
now very much less used since the boring bus with sliding heads or blocks le 
fined to m fages 569 to ^72 of the text have obtained such geneial employment 
foi boring cylinders and pumps 


Note BH —To follow the text pages 564 to 567 
{M'i Stnens registered Lathe Dull) 

G.Ins mstiument is represented m perspective m fig 1020 and in plan with the 
top plite lemoved m fig 10°1 it has two cutters which are adjustable for various 
cli imeters the tool is intended to be used after the manner of figs 509 510 and 
511 1 i 0 e 565 that is with the loop fig 511 The two cutteis c c lie m oblique 
gioovcs the ends of which aie at an angle of 45 degrees and between the cutteis 
is pi iced a wedge a v the long shift wheieof extends thiough the entire length of 
the dull shaft and has the hollow center for leceivmg the piessuie of the popit 
hear] When this long wedge is set forward by a tail sciew and nut (hot repre 
stilted ) it tin ows out the two cutters in any lequired degiee so that the bit foi 
holes of one inch 111 diamctu maybe thus enlaiged for any size not exceeding 
about 11 inch and so with the 1 irgei tools 

The cap piece or plate p p which is represented removed and is attached by 
three smews has a sfiillow circular recess within which the two pms fixed m the 
cutteis ue loosely contained to pi event them horn being iceident illy lost The 
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cutteis are rounded at the en Is and sharpened piecisely Ill e the bit fig 509 and 
the two ed G es of the shaft fiom a to b are made symmetrical and with rectangular 
ed G es m oidei to stick into the sides of the loop such as % 511 fiom which this 


Figs 1020 



di ill receives its axil guidance m the manner alieady explained on page 566 but 
it appears objectionable that the guiding loop should from necessity be so far 
removed from the cutting edges of this expanding dull which is proposed to be 
m ide as large as eight inches m diameter 

Note BI —To follow the pages 564 to 56/ 

(Mo Kittoe s Expanding half o ound Bit) 

In this instrument three parts instead of two only are made to adjust radially and 
equally from the one point only being sharpened and from there being a bottom 
bcaung upon the suiface of the hole that is boied the instrument is used m all 
respects as the common half round bit and without the necessity of the loop or 
guide (fig 511 page 565) required with Mr Stivens expanding drill and of which 
latter Mr Kittoe had not the least knowled a e when he constructed the present 
tool 

Fig 1022 is the perspective view of the bonng bit when m condition for woik 
fig 10°3 is a section of the sime through a horizontal plane and a to 7 fig 1024 
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ue the parts shown sepaiatdj tin. same letteis bung ittulicd t > the sime puts 
thioughout I he pai b h om o to g is oi bi iss and eontuns ill the modi inism g U> 
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A is an iron lod screwed into the biass to seive as the shift of the tool and which 
i made of any required length The poition from c to e is constiucted m two 
pieces which separate nearly on their diameter and are united jointly by steady 
1 ms and the screwed nut d e the dm ion being made foi the purpose of intro 
ducing the two bits a a one of which onl} is made to cut b the bottom bit is 
inserted m a similar but i ei tical cleft 

The thiee bits aie simultineously and equally advanced by the cential wedge i 
shown also detached which resembles a cone reduced so as to foini three fins at 
light angles to one anothei that enter the giooves for the bits the wedge ^ is set 
forward by the tail screw 7 there is a side screw which prevents the unintended 
movement of the set screw 7 to arrive at which latter it is necessary to remove 
the socket g g from the stem of the mstiument g h 

If the wedge with its three fins were consideiably advanced beyond its piesent 
position it would stand befoie the cutter and prevent the tool fr m proett ding to 
the extremity of a flat bottomed hole m older to avoid this Mi \.itto h is unde 
the back edges of the cutteis at the same angle as the wedge so that the ict of 
setting forwaid the wed e also sets forward the cutteis to keep them m idvunce 
of the point of the wedge The cutters have oblique mortises which piss ovei the 
retaining pins fixed in the semicncular piece and pievent the cuttcis fiom buu 0 
acci lentally lost 

It is the intention that eveiy instrument constructed on this mode should pos 
sess vanous sets of the bits a b so piopoitioncd m size that the smalk t mstiu 
ment should be capable of being expanded to the smalle t size of the sec rad 
mstiument the second to the third and so on m older that a few of the boiing 
b irs or stocks may seive for a considerable range of sizes 

Note PJ —To follow foot note on page 572 
(Mi Gcoige T \njit mventoi of the modem system of hoi mg lai ge Cylinders ) 

The author is informed by John Taylor Esq FES &c that the mode of 
boiing steam engine cylinders by means of a 1 evolving bar with a travel sing cutter 
block and cutters as sightly explained in fig 517 page 571 was invented by 
Mi Geoige Wn ht whil t m the employment of Fe sis B nilton feWitt of the 
debi itedSoho \ oiks neai Lnmm him This admnabl conti i\ ince has pioved 
ol m mouse ad\anta b e to piactical engmeeis 

Ifc may be added thit Mr Nasmyth constiucts his heaviest boiing bars with thiee 
longitudinal giooaes fitted with adjustable chamfer bais and that sustun the 
pressui e of the cut against those faces of the churnfei bars which ai e i adial to the 
bar I he veitical position seems now to be i ithcr piefcned to the horizontal for 
this class of boring inichmes so that the cylinders may be hoi tel m the position in 
which they aic iffctiwards elected 

Note BI\ - To follow the text on page 5 SO 
(Mo Mallet s method of da ubing i eg dm and ungnlm sguah ) 

F t tianscube fiom the Mechanics Mi 0 a/me for 1S41 pi 0 c o the com 
lucncemcnt of a veiy useful pipei by Mi Millctt of Dublin —• 

1 >i many purposes of the aits a smq le and lapid method of ti acmg spu il b 
ufon a cylmclnc suifice is impoitant caiveis wood turners &c often w mt 
such and m laigtr woiks such as some puticuhi bi inches of mill woil an 1 
n 0 meumg it is also fiequtnlly wuifced I he u ual method ly dividing the 
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cylmdric sui face into equal portions m cm umfuence and length and drawing 
lines diagonally is tedious 

The following method believed to be new is simple and 1 eady and sufficiently 
exact foi most pm poses 1 wo stiaigkt edges of equal len 0 th and width and about 
Hks of an inch in thickness each aie to be seemed on a table parallel to each other 
standing on then edges and distant fi om each other by nearly the length of the 
cylinder upon which the spiral is to be maiked Between these there is also to be 
seemed in a diagonal direction stietching from one to the other a third straight 
c Ige formed of two slips of deal glued together with a slip of strai 0 nt thick Bns 
tol boaid between them piojectin 0 th of an inch at one edge 

The entne height of the di i h onu sti uglit edge when standing on the table must 
be a shade moie than that of the two other str ujht edge The thiee pieces being 
then thus ananged the ed tt e of Biistcl boaid is charged with pimtei sink Then 
on causing the cylmdei to loll over the edges of the two paiallel stiai G kt edges m 
the direction of then length the dngonal slip of inked Lustol boaid will trace a 
spual upon the surfice of the evlmder with very con ideiable accuiacy 

Mr Mallctt then goes on to describe that by substituting a cuived edge for the 
inclined shaujht edges \anable screws will be described following any particular 
condition set out m the dc\ eloped suiface of the sciew is 1 epiesented by the cuive 
this he consideis useful m setting out the \anable screws 01 those of increasing 
pitch for propellers and he fuither shows that spnal lines may be thus diawn on 
cones pi isms be 

hole BL page 096 to follow the pirigiaph ending a convenient bed for the hie 
(On Shaipieninj the teeth of S aits hj means of Crund tones ) 

\ pi culm m de of shirpimng the teeth of In e circulai saws by means of 
gtml tone the authoi is mfoimed is followed by Mr James Loag f Johnston 
k, i tlanl minufaetuier of Cast s and various woil s m wood 

A smill gimdstme mounted on a spmdli and turned on the edge withanairow 
nd rt e suited to the form of the teeth is made to 1 evolve by the steam engine the 
en culir siw is placed upon the suif ice of i slide kavin 0 a center pm to fit the axis 
of the siw md a stop to deleimine how n ally it shall appro ich the ^imdstom* 
the plifionn oi slide is mclund igiocably to the angle at which the stone should 
meet the uv plate and thcieis a detent or hook which catching against one 
t tlie teeth holds the wv plite in the positions successively requned for every 
other tooth aiound its ciicumfcrencc 

Thegundstonehomits lapidity of action is constantly employed when much has 
to be lcmoved as m depthciun 0 the gullets when but little is requned to be done 
to the siw the file is employed is usual 

Sometimes al o the saw remuns at ic t except as legirds the change fiom tooth 
to tooth and the guild tone is mounted on i swing fiame and brought down eveiy 
time to a stop 

LotcBVT refciung both to the Tiblc on Rectilinear Siws page 699 and to the 
Table on Cnculu haws pa e 7 4 

On th (ages at pic (nt u ed fm mtasiumg the lladiu s of sheet metah and tones 
and p> cpo&al Joi anew si/ tun of Ca/ s found d on the decimal subdivision of 
the S tandaid Inch 

Iti setting out the l iblcs of the Dimensions ot biws tin i itlioi coul 1 only expiess 
their se\ei il thief ne ses m the meisuit ilvv tys employed lot tint puipisc n imely 



1012 


APPENDIX-NOTE BM 


m the sizes or numbers of the Birmingham wn e gage and to rendei these 
measures intelligible to the general reader the author then determined to introduce 
m this Appendix—first the exact values of the principal gages m use for sheet 
metals and wires a subject he believes to have been hitherto overlooked and 
secondly a proposal he has long desned to see earned out namely an easy and 
exact system of gages for sheet metals wires and general purposes founded on the 
decimal division of the inch and m which system the nomenclature should be 
so completely associated with the actual measures as to convey to the mind even 
m the absence of the gages themselves a veiy close idea of the several spaces of 
the gage or of the thicknesses or sizes of the works measuied thereby 

It is to be observed at the outset that the gages for measuring wires and sheet 
metals are usually thick plates of steel of several sizes and forms around and near 
the edges of which are first drilled various holes the next step is to sa v a notch 
from the edge into every hole saws of the widths of the several notches being used 
and lastly little parallel plates of steel called do ifts which are hardened and tem 
pered are driven into the notches in. order to smooth the sides of the same and 
rendei them of uniform width after the mannei of various other applu ations of 
drifts explained at pages 883 to 885 

It should be further observed that the Birmingham and other gages seem to nave 
been originated m great measure accidentally or almost by the eye alone and with 
out any attempt at system either as regards the values of the intei vals between the 
successive measures or numbers or their correspondence with the subdn lsions of 
the inch And as moreover gages nominally the same have been made by various 
manufacturers with insufficient aim at unity of measures some n regularity thence 
exists amongst the gages m common use notwithstanding that they may be 
nominally alike 

In ascertaining the piecise measures of the principal gages the author has had 
the valuable co operation of Messis Stubs of Wairmgton who manufacture a 
large number of these gages and who tested the driits they employ by means of a 
sliding gage constructed by Holtzapffel & Co for reading off quantities to the 
thousandth part of an inch by means of a vernier the results of these admeasure 
ments are stated in the three sections of the accompanying table 


The three series of measures or gages particulanzed m the annexed table have 
no i elation whatever to one another for example the numbers 10 of the tible ire 
i espectively different and undefined quantities or are neither aliquot noi dnect 
fractional parts of the inch as the number 10 notches are severally 134 024 and 
190 of an inch wide and othei similai numbers are also umelated 
1 he approximate measures of any one of these three sei les may perhaps he 
model itely familiar to those aitizans who use that paiticulai gage but these same 
artizans will probably he as little mfoimed of the two other gages as the genuality 
of individuals to whom the whole of these and other aihitiaiy ill defined mea 
sures aie vague and confused because their nomenclatmes have no relation 
whatever eithci to one another or to our geneial standaid of such quantities 
namely ordmaiy linear measure or m other words the standard foot and inch 
lhe following explanatoiy i email s on the three gages specified m the tible and 
certain other gages deiived from them will show the complicated and uneertam 
natuieof the subject of measures for wnes sheet metals, and vanous small works 
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\ ALUES or GAGES 

roit 

WIRE AND SHEET METALS IN GENERAL USE, 

1APRESSLD IN DLCIMVL PARTS OF TIIE INCH 


Section One 

Section Two 

Sr tion Three 

Bnmmgkam 
Gage f 1 Inn 
Wne andfci 
Sheet Iron and 
Steel 

B immgham 
Gage for Sheet 
Metils Briss 
Gold Silver 
&c 

Lincashne Gige foi icmnd Stool Wue and il o 
f i Pinion Wire 

The smallei sizes distinguished by Numbers 

The lu 0 er by Lettois and called the Lettei 

Gige 

MARK SIZE 

MARK SlZl 

MARK SIZE 

MARI SIZE 

MARK 

SIZI 

0000 — 454 

1 — 004 

80 — 013 

40 — 096 

A 

-234 

000 — 4°') 

2 — 005 

79 — 014 

39 — 098 

B 

-238 

00 — 380 

8 —008 

78 — 015 

38 — 100 

C 

-242 

0 — 340 

4 — 010 

77—016 

37—102 

D 

-216 

1—300 

5 — 012 

76—018 

36 — 105 

E 

-250 

2 — 284 

6 — 013 

75 — 019 

35 — 107 

F 

-■>57 

3—259 

7 — 015 

74 — 022 

34 — 109 

a 

— 261 

4 — 238 

8 — 016 

73 — 023 

33 — 111 

H 

-266 

5 — 2>0 

9 — 019 

72 — 024 

32 — 115 

i 

— 2,2 

6 — 203 

10 — 024 

71 — 026 

31 - 118 

T 

— 2/7 

7 — 180 

11 — 029 

70 — 027 

30 —1 >5 

K 

— 281 

8 — 165 

12 — 034 

69 — 029 

29 — 134 

L 

— 200 

9—148 

13—0 G 

68 — 030 

28 — 138 

m: 

- 295 

10 — 134 

14 — 041 

67 — 031 

27 -in 

N 

— 30 ■> 

11—120 

15—047 

66 — 032 

26 — 113 

O 

— 316 

12 — 109 

16—051 

65 — 033 

25 —146 

1 

— 3>i 

13 — 095 

17—0 7 

64 — 034 

24—148 

Q 

_ 0 

14 — 083 

18 —061 

63 — 035 

21 — 150 

K 

— 539 

15 — 0,2 

19 — 064 

6° — 0-16 

22 — 152 

S 

— 318 

16 —065 

20— 067 

61 — 038 

21 — 157 

L 

— 358 

17-0u8 

21 — 0*2 

60 — 039 

20 -160 

U 

— 368 

18 — 049 

22— 074 

59 — 040 

19 — 164 

V 

— 3,7 

19 — 04 J 

23— 077 

58 — 041 

IS -167 

w 

— 3S6 

20 — 03j 

24 — 082 

F 7 — 042 

17 — 169 

x; 

— 397 

21 — 032 

25— 095 

56 —044 

16 — 172 

Y 

— 404 

22 — 0^8 

26—103 

55 — 050 

15 — Ho 

z 

— 413 

23 — 025 

27— 113 

54 —0 55 

14 —1 <7 

A 1 

— 4 ^0 

24 — 022 

28—120 

53 — 0j8 

13 — 180 

B 1 

— 431 

25 - 020 

29 — 121 

52 — 060 

12 — 185 

C 1 

— 443 

26 — 018 

30 — 126 

51—064 

11 — 189 

D 1 

— 15> 

27 — 016 

31—133 

50 — 067 

10 -190 

E 1 

— 4 S’* 

28 — 014 

32—143 

49 — 070 

9 — 191 

I 1 

— 475 

29 — 013 

33—145 

48 —073 

8 — 192 

a l 

— 48 1 

30 — 012 

34—148 

47 — 076 

7 — 195 

H 1 

- 494 

31 — 010 

35—158 

4b — 078 

6 — 198 



3 —009 

36 — 167 

45 — OSO 

5 — 201 



33 — 008 


44 —084 

4 — 204 



34 -007 


43 —086 

3 - 209 



35 — 005 


42 — 091 

2 — 219 



36 — 004 


41—095 

1 — 2^7 
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1 The fii st column of the tal le refers to the ga^e used fc r most km Is of w 11 e and 
is thence called for the sake of bievity the Wrt ga/e although it is also known 
as the Bn mtnghcnn wu e qage the Bn min (/ham non wne gage and the S hut 
non gage Ihi gage which is specified m the column of the table headed sccti n 
one is the most common of the thiee puncipal 1 mds and is employed not only foi 
iron wiie as its name implies but also foi bi ass and itherwnes foi black st el 
wne al o for sheet non sheet steel and ■vaiious other matenals and 111 ewi c f< i 
some manufactuied worl s including screws for jomeis use 

On icftrence to the table it appears the lai"cst notch of the Birmingham lion 
wire gage is maiked 0000 and measures 454 thousandths of ai inch or N tenth 
of an inch nearly and further that the smallest notch market 36 measm s 
4 thousandths or the 1 250th part of an inch Although this gage seems only + > 
possess 40 terms m leality not less than 60 si es of wire are made as mteim diatc 
sizes are m many css added and occasion 11} although the sizes are letamed 
their numbeis aie vanou 1} al ei d thu 

The sizes of wncs drawn foi manuf aotuim"- needhs correspond with s me of the 
ordinal} wire sizes but the numbeis ue dilleiuit thus No 1 of the needle wne 
a 0 ie s with 18 1 of the Lirmin 0 ham wiie gages as heie shown — 

Needle wires Nos 1 2 2 1 o 4 5 and thence to 21 

And Liimin 0 hamwire gage Nos 18^ 19 IQ' 20 ?1 2^ nd thence to 3S 
Aie respectrv el} able 

Sometimes half sizes of both sene aie inteipolated and the mmufactuud 
needles when bought and soil ire desi 0 nated by another scuts of numl us 
urn edited to eithei of these wne si es 

In the wire used foi the stun 0 jf \ lino f irtes the sizes now commonly u ed ai e 
known as Nos 6 to 20 and these agiee ver} neaily with the si/cs and halt si is ol 
some of the notches of the Li imn 0 hun wne gages as follows — 

Music wires Nos 6 7 8 9 10 11 12 U 16 18 °0 

And Biirnin hamwnegage Nos 26 ’5 1 2^ 24^ \ 23 2 21 20 19 

Ai e i espectively alii e 

The numbei 6 oi the thinnest music wire now commonly used measuies about 
the fifty fifth pa t of an m h m diameter and the No 20 oi tlie tlncl est measuies 
about the 25th of an inch 

liano fortes weie foimeily always strung with biass wne but steel is now ahm 
employed and they aie shunj muchheama or thi 1 ei w ic aieempl)}ed fuia 
which cause the numbeis 1 to 5 have probably fallen into disuse Ike cov i I 


Nivmleis Nimlos 
f tli ( f 11 c 
fe s> Wn c C a c 


25 — 0000 
23 — 000 

2 > — 00 
21—0 
17 — 1 

16 — 2 


N arnl ei Namleas 
I tie ct tl 
scic Wne G a e 


14 — 3 

12 — 4 

11 — 5 
10 — 6 
9 — 7 
8 — 8 


ISPuml ors Nural ois 
of tl e i tl e 
Sue vs !UcGi n e 


7-9 
6 — 10 
5 — 11 
4 — 12 
3 — 13 
9 — 14 


NmrUis Ni 1 i 
f tl 1 tl 

be e W i < 


1 — 15 

0 — 16 
00 — 1 / 
000 — lb 


stungs aie of steel upon which a fine coppei wne is squally wound and m \ i} 
shoit stungs as those of Mr Papt s Console Iianofoites and some otlius tw > 
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coveung wiies aie used that the bulk of the doubly coveied strings may comp n 
sate for then want of length 

The manufacturers of the patent screws made from iron wire for joiners use 
also give the mtenals of the wnc gage a new system of numbers Thus m the 
annexed table the left h md columns shew the numbei of the screws the n e ht 
hand the numbers of the wnes fiom which they aie respectively made 

Lxamples of other and similar conversions of the numbers nn to ht be shown hut 
which would only seivc fuithcr to lllustiate the megulauty and arbitiaiy natiut 
of gages used m the mechanical aiil otliei aits 


2 Ihe second column Uhh page 101 o refei s to the gage emilojedfoi mo t 
of the sheet metals (e\ceptm & non and steol) namely coppei brass gilding metal 
gold silvei platinum 'to I his ga^e is called the / nmuuftcwi i utul gage an l 
foi bievity simply the Metal gage oi the Hate gage m contradistinction t > 
the If 17 e gage specified m the hi st column of the table 

The intervals m the metal or plate gage aie closei or smaller than those of the 
wnegage Thus the No I winch m this senes is the smcllest sized notch is 
4 thousandths or the 0 0th pait of an inch wide whilst the largest notch oi 3 b 
measmes 16/ th u nncltbs oi is evilently meant foi the sixth pait of an inch 
W hen thicl ei metals aie wanted then m a uies aie sou lit m the rnmiiFhim 
wne gage thus the 36 on the \ late gage nouly agices with the 8 on the wne g \ t 
andtherefoio the numbeis 7 6 5 to 0000 of the lattei aie then em^lojed foi 
thickei metals than can be me asm c cl bj the j1 ate gag Fiequently the pi ate 
ends at 21 which numbei agrees with 11 of the wne ft ago and thin the numbeis 
13 12 11 to 000 of the lattei aie smnluly lcsoitcd to f n llucl u mctils I lie e 
combinations of different senes of numbers iunnm 0 m leveise oitleis aie evidently 
lnble to load to confusion 

Ihe mcthxl m which short inotal aie comma cully d senlcd also picsrnt 
much \anition foi instance me has a ^a^e thus con tibutrd— 


Short me Nos 6 7 S d 10 11 P 1 3 1 1 l r It ) 
1 llite to i to c Nos 4 4' 5 0 7 8 0 10 11 Id 13 \ 


uoneaily dil c 


Thcso thm slucts of zme wlueh mcasuio only fiom one t> about foiu lima 
diedths ot an inch thicl aie puneipally used foi gutieis xoofs and small w > 1 s 
manufactured with the hamiuoi 

Tluckoi zme plates oi those fiom about 5 to 18 hundiedths thicl and which ue 
used for zmcogiaphj do n plates and engi a\ed woiks aie commonly made t > the 
notche 18 to 7 of the Linmn 0 ham Wne ft ago without alteiation of the numbei s 
but which um the rcvcise way of thoso oi the othei senes used foi /me 

Severil of the metals aie estimated by the weight of cuiy supoificial foot in 1 
that the moiee pecnlly when the value of the mateinl m the sheet exceeds flu 
\aluo of the labour alteiwauls expended up m it m comeitmg the mctil to its 
intended pmp sc thus 

Cast iud nulled lead aie both desenbed as of fiom 4 to 12 pounds to the supa 
ficial foot the vanation being one pound to the foot 

Coppei smiths anti bia/iuo do nob acl nowlcdgc the plate gage at all but ltd n 
their metal as fiom about 3 to 5(> pounds to the sheet the sheet measmts } fett 
by 4 feet and therefore contains 8 supethcial feet 

Ihe precious metals aie sometimes estunated as of so many ounces oi pinna 
wtiglit tioy to the suptiiteial foot and it will be huoaftci shown liovv by aid ot 
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the proposed scheme derived from the decimal subdivision of the inch the cone 
spondence between the relitive weights and thid nesses of metals may be critically 
aruved at with great simplicity 


The thud fowth and fifth columns of the table pa 0 e 1013 constitute one senes 
of giges employed exclusively foi the bn & ht steel w 11 e prepai ed m Lancashne 
and the steel pinion wire for watch and clockmakers 

Ihe smallest notch of this senes is called No 80 and measures 13 thousandths 
of an inch or about the 80th of an inch and the first part of this series continues 
unto No 1 which measures 227 thousandths or neaily one quarter of an inch 
The steel wire gage apparently ended at this size m the first instance but has 
since been extended by a second series to the diameter of 4 04 thousandths a mea 
suie doubtless intended for half an inch In oidei to avoid the confusion attendant 
upon two series of numenjs meeting at zero m the midst the larger sizes are dis 
tmguished by the letters A to Z and these terms are then continued under the 
denominations A 1 B 1, Cl DltoHl which litter size is the lirgest and mea 
sures 494 thousandths of an inch as shown by the table This second pait of the 
Lancashire wire gage is celled by way of distinction the Lctta gage 


Many other gages of arbitiary chaiacteis came to the author s knowledge m this 
inquiry seveial of which are applicable alone to paiticular tiades amongst these 
may be mentioned the rod iron gage the nail rod gige the button mil er s gage 
others used in watchwoik and the gage used by gun makeis foi the Tboies of guns 
and rifles three of which gages aloi e will be descubed 
The lod iron gage employed by Messrs Bradleys and some other non masteis 
and also by Messrs Stubs for steel has measures derived fiom the division of the 
inch into 8ths and 64ths as follows— 


MESSRS JOHN BRADLEY & CO S ROD IRON GAGE 


No 

Inch. 

No 

Inch 

No Inch 

No 

Inch 

00 

— 4 

5 

— 

11 - 4 

37 - 

1- 

0 

— 

6 

— 

12 - o 

38 - 

1, 

1 

5 

7 

a 

13 - , 

39 - 

1 

2 

, a 

8 

— 

-rt* 
r—1 

20 - 

1 } 

3 

_ 

9 

— 

15 - l 



4 

a 

10 

— 

16 - 1 




MESSRS JOHN 

BRADLEY 

& CO b NAI1 l\OD GAC E 


No 

Inch 

No 

Inch 

No Inch 

No 

Inch 

00 

— i 

IV 

- i 

4 - 

7 - 

4 

ooi 

- JL 

2 

- 1 

4J - 

S - 

0 

— 4 

4 

oT 

5 - . 

9 - 

7 

01 


3 

- i 

5J - 

10 - 


1 


4 

' 0 

6 - 

11 - 

1 
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It will be perceived that the intervals from 00^ to 3 y are the 64th of an inch 
from 4 to 11 the 32nd and above 13 the differences are a of an inch This mode 
although systematic is objectionable as there is no evident relation between the 
numbers and their corresponding measures and therefore both have to be lm 
pressed upon the mind 

In guns of most kinds the weight of the balls determine the denominations of 
then respective sizes 1 hus it is u ell known that heavy guns or ordnance ai e na med 
6 9 12 to 68 pounders from having boles respectively suited to iron shots of those 
respective weights the boie is always th larger mdiametei than the shot the dif 
feience being 1 nown as windage The sizes of the bores of moitars and modern guns 
intended for hollow shot are designated m inches as 8 10 13 inch mortars Ac 

In rifles and fowling pieces the diameters of the bores designated as No 1 2 3 
4 5 &c aie the diameters respectively of leaden bullets oi spheres of which 1 2 
3 4 5 Ac wei a h exactly one pound avoirdupois and as the subject may have 
an interest for some of the readers of this volume the following pai ticulars of the 
weights of the balls m grams and of the diameters both of the halls and of the 
barrels m hundredths of an inch are transcribed from Mr Wilkinson s gage which 
he has constructed with great care 


MR WILKINbONS GAGE FOR RIFLES AND FOWLING PIECES 


N m 
bei 

Diameter of 
Boie 
m 

Hundiedths 

Weight 

Leadon 

Bullet 

m 

Grains 

Num 

ber 

Diametei of 
Bore 
m 

Hundredths 

We ght 
of 

Leaden 

Bullet 

in 

Grains 

Num 

bei 

Diametei of 
Bore 
u 

Hundiedths 

Weight 

of 

Leaden 

Bullet 

m 

Grains 

5 

98 

1400 

15 

70 x 

466| 

25 

60 x 

280 

6 

93 — 

1666| 

16 

69- 

437^ 

26 

59 x 

269,, 

7 

89 

1000 

c 17 p 

67 x 

411 7 

27 

59 

269 V 

8 

85 

875 

18 

66 

388, 

28 

58 x 

250 

9 

81- 

777’ 

19 

65 x 

368« 

29 

58- 

241 

10 

79 

700 

20 

63 x 

355 

30 

57 

23 } 

M 11 l 

77- 

636 

21 

63 

333} 

31 

56 x 

225 

12 

75 x 

583J 

22 

62 x 

318 

32 

o6— 

218J 

13 

74- 

53b;, 

23 

61 x 

304 8 , 




M 14 s 

72- 

500 

24 

61 

291 § 





From the perusal of the foregoing pai ticulars of numeious gages employed in 
different branches of mechanical art it will have been seen that little analogy on 
the one hand but great confusion on the other exist m such of the gages as have 
been referred to and the authoi will now briefly state the lcmecly he would sug 
gest to obvnte the difficulty in the most simple and inexpensive mannci 


Ph( i rmuhf pi opostd to i emm c the a) hti ai y mcongi nous v/dnn of gage ? now med 
is simply and m everyone of the cases above lefeiredto md also m all otheis 
requiring minute measures to employ the decimal diusions of the inch and those 
unclet then ti m appellations 

Thus for most pm poses the division ot the inch into one hundred pai ts would be 
sufficiently minute and the measuies 1 2 5 10 15 oi 100 bundledths would be also 
sufficiently impie sive to the mmd their quantities might be wuttendownas 1 2 

3 u 
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5 10 15 or 100 hundredths as the decimal mode of expression might if prefen ed he 
safely abandoned and the method would be abundantly distinct for common use 
if the word Hundredths were stamped upon the gage to show that its numerals 
denoted hundiedths of the inch quantities which could be easily verified by all 

It does not follow that the entire hundred notches should be at all times used 
as m many cases it might suffice that below 20 hundredths eveiy size should be 
employed —fiom 20 to 50 hundredths every alternate size—from 50 to 100 hun 
di cdths eveiy fifth size As at piesent also the upper or lower part of the senes 
of terms might be omitted to any desired extent m those cases where they weie 
bo vend the particular wants of the artizan or the particular branch of tiade m 
oi dor to lessen the bulk and expense of the gage 

It may be objected to this scheme that for the more valuable metals and the 
moie mmuto proposes the quantity of the one hundiedth of an inch is too coarse 
a difference Two facile modes of lemedy may be heie ipplied The fiist to make 
half sizes thus or 8 5 would of course denote the medial interval between 8 
and 9 hundiedths Or secondly and prefeiably below one tenth of an inch a 
finer scale mi to ht be substituted foi the moie minute and delicate purposes namely 
ag^ge bised m piecisely the same mannei on the thousandth of the inch as the 
unit which would give a much finei de to iee of subdivision than is affoided by any 
of the aibitrary giges in genual use m this case the intei vals being derived from 
the thousindth of an inch the woid Ihousandths should be st imped on eveiy 
such g ige 

In pi ictice no difficulty could be seuously felt even without this piecaution of 
mail m to the gages respectively with the word Hundiedths or thousandths as we 
should not more readily mistal e 5 thousandths foi 5 hundiedths than we should 
5 tenths or half an inch for 5 whole inches or 5 entire inches for as many feet 

Neither is it to be admitted that no such gages aie attainable as may be lead off 
m hundiedths oi thousandths The demand would immediately create the supply 
and time could he no moie difficulty m constiucting tfie gages of the customary 
foi ms with notches made to systematic and defined measures that may be easily 
at i tied at or tested than with then present unsystematical and ai biti aty measures 
uhich do not admit of veufit ati on 

besides for those who desne to possess them several very correct decimal gages 
already exist amongst which maybe cited the decimal sector gages long since 
recommended and published by the Society of Aits Ldmbuigh and various 
sl1 8 with vcimeis some to read off in hundiedths and finer ones m thou 

smelt Us of the inch, all of which have been long and constantly used m the 
anlhoi b mvnufactoiy 

To those may bo xdded—I alhvibio s gage modified and enlarged from that used 
for the bilanco spnngs of watches amongst the Geneva watchmikers —Ghater 
and II lyw udsgigo foi sheet mctils and gliss -Walkoi s gage foi sheet lion — 
Whitwoiths miciometei gigo and others- which may he severally read oft to the 
thousindth ot the inch md oven moie minute quantities and amongst which 
kinds sufficient choice exists foi almost eveiy puiposc 


Phe ad i ant ages of a cd by (his proposed application of decimal mcaswes appear to 
be immoious ind considuablc the more especially m those cises of small measure 
whuc the onlmuy who giges on the one lund and the con so division of ordinal y 
to t mb s on the < Ihu, uc obvioubly msufhcicnt foi accmatc puiposes Amon 0 st 
the o idyintiges nny be enumuated the following 
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The pioposed decimal scheme would introduce one umveisality of system utel 
ligible alike to all instead of the numerous and iiicgulai measures now used which 
are but paitially and indifferently known and lead to frequent mistakes 

It w ould give a supei lor idea of particular magnitude and enable the theoi etical 
and practical man to pioceed with so much moie decision in their respective 
communications 

In conveying verbal or wntten mstiuctions the system would be m eveiy way 
supenoi to the usuil methods as bung almost flee from the chance of misundu 
standing moie especially as some of the decimal sliding gages aie so small as 
hardly to take up more 100 m in the pool et than an oidmaiy penknife and might 
be thei efoi e continually within i each for refei ence 

When certain objects are lequned to be so piopoitioned as to constitute a senes 
the intervals between the decimal measures would be fai moie easily an mged and 
appreciated than those of vulgar fractions and if calculation weie relentd to the 
decimal figures especially when divested of the decimil point and the zeios to the 
right of the same would be immediately intelligible to the least infomied from 
being then no moie m fact than simple numerals 

Quantities expressed decimally would be moie easily wntten down and more 
exactly defined than the compound fractions such as J and u of an inch—or than 
the still more obscure method of g of an inch full or as the case might be, 
which latter neaily sets all attempts at exactness in defiance 

The smaller aliquot fractions of the inch such as the 1 2 * _ * ? o & c of an 
inch although m themselves very precise do not fiom their natuie so leadily 
admit of definition or comparison as the quantities 2345 678 9 oi 10 hun 
dredths of an inch because m the vulgar fiactions every one has a syoecifit i elation 
to the inch whereas the decimal terms have one general ielation decimals bung 
sometimes considered as the numeratois of fractions all having the constant deno 
mmator unity or 100 1000 &c and therefoio the latter oi the decimal terms 
constitute a simple arithmetical series or one in which the mteivala are alike but 
this is not the case with vulgai fi actions 

It would bung all foreign measures within 10 ach of oui worl shops 1 or examplo 
m the United States of America and Russia English mcasuie is employed and no 
difficulty would bo felt m refu ence to these countries And as m ost of the N ation d 
Toot measures are more than 11 inches I nglish and less than 13 even if they are 
consideied fortho time as equal to our own foot and without any adjustment being 
attempted the aveiage error would not exceed about five pei cent And furthu 
when two of Holtzapffell and Co s engine divided soales the one of the particular 
foreign measure and the other of English inches are 1 ud side by side they show 
visually as on a slide rule the conespondcnce between any qu antity of such foieign 
measure with our own as more fully explained m the authoi s pamphlet On a 
New bystern of Series of 1 qual Paits m which this and numuous otlici cmplo) 
meats of scales of equal paits aie tieated at length 

The decimal scheme would allow the oxact weight m every supeificial foot of 
sheet metals and other substances to be readily ainvod at— Thus as a cubic foot 
of water weighs 1000 ounces troy the specific gravities of lead copper silver &c 
denote at the same tunc liow many tioy ounces aie scveially cont amtd m one cubic 
foot of tbe same The specific gravity divided by 1200 gives the weight of ap] ite 
or film the one hundiedth of an inch thick and thence a table may be readily 
computed by addition atom to show the weight of plates of any tlnel ness m hoy 
ounces 

dhese calculations would be correct at once foi goll and nh< r as flu sc me tab 
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are estimated by troy weight but for other substances requiring avoirdupois 
weight the numbers expressing the specific gravities of the substances must be 
previously altered by one of the usual methods namely either by multiplying them 
by 192 and dividing the product by 175 numbeis which represent the ratio be 
tween troy and avoirdupois ounces or else instead thereof the specific giavities 
of substances may be multiplied by the decimal constant usually employed for 
effecting the same end 

In this method also constant multipliers may be readily found foi thus deter 
mining from the specific gravities of the several materials the exact thicl nesses of 
plates or sheets of the same which shall precisely weigh one ounce or one pound 
either troy or avoirdupois as may be required This has already been done by Mi 
Hayward as legards crown glass for assuming its specific gravity to be 2 52 
when the glass is of the thickness of 15°5 (or one tenth and a half nearly ) it 
weighs 32 avoirdupois ounces to the supeificial foot and thence by Mr Haywaid s 
calculation are obtained the following numbers—the first line denotes the weight of 
crown glass m ounces m e\ ery superficial foot the s cond line the coirespondmg 
thicknesses m thousandths of the inch ranging from about 5 to 152 thousandths— 

gksTof } 1 2 4 8 12 16 20 24 28 32 ounces 

Measures 00476 0095 019 038 0571 0762 0952 1333 1429 1524 mcli 

The above and the intermediate terms are sometimes engraved on Messrs Chater 
& Hayward s gages alongside of the line of graduations which denotes thousandths 
and at other times instead of the weight per foot are engraved divisions indicative 
of the 8th 9th 10th 11th 12th &c of the inch which quantities are of course 
obtained by simply dividing 1000 by those lespective numbers 

Tables might m the above manner be very roadilv computed that would show 
the weights in every superficial foot of the metals and other materials for all defined 
thicknesses and also other tables for showing how thick the metals should be m 
order to weigh exactly so many ounces to the superficial foot 1 hese matters could 
be also arrived at by the employment of scales of equal parts laid down m the pro 
portions of the specific gravities of the substances and m the opinion of the author 
they could be woiked out with even gi eater simplicity and universality by a 
decimal jpropoitzonal instrument he has some time since contrived which is appli 
cable to the visual development of all ratios that ha\e refeience to decimal anth 
metic including those of interest discount profit and other calculations to which 
the term Pei Cent is applied 

hi conclusion the author begs to add that he does not suggest any alteiation 
whxtever as icgatds those mea&uies for which the dmsion of the foot rule into 
eighths and sixteenths may be found sufficiently piecise ind minute But he w ould 
ask whether for more minute measurements greater convenience and distinctiveness 
would not result from the general employment of measures expressed m hundiedths 
of the inch than fiom the employment of the many gages for specific uses the sizes 
and numbers of which aie entirely devoid of system and which gages may be con 
sidered as unknown beyond the particular trades in which they are employed 

How confusing would it be if the measures by which broad cloths linens cottons 
silks velvets carpets and other textile fabrics are manufactured and sold were all 
different instead of being uniformly the yard measure and yet this incongruity 
fully applies to the \arious articles whose measurements aie described under the 
mystical names of Number Si e Gage and other appellations which assume different 
values m chffei ent blanches of manufacturing art, as for example m the vaiious 
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kinds of sheet metals various lands of wires m tubes jomcis sciews and vast 
numbeis of small manufactured articles the various sizes of which are aibitiarily 
designated as Nos 1 2 5 4 &c 

Why not m all these branches of trade describe every thing measuring 1 th of 
an inch as No 10 those of 10 ths inch as No 30 2 and then m sets of objects 
l equired to be nearly alike the succeeding numbers could be 31 3° 33 34 35 36 
&c or if fewer and wider variations were wanted the series might be 32 34 36 
38 40 or else 35 40 45 50 55 Every tiade could select any poition of the 
senes it might requne both as legards general ma 0 mtude and the gieater or less 
intervals between the lzes and with the power of adding to or subtracting from 
the scale first elected as circumstinces might suggest 

Buttheie should be one common understanding that the commercial numbeisor 
sizes when different from the measures of the foot rule should be alwaj. s under 
stood to be hundredths of the inch (m some rare instances thousandths ) as then 
from the unity of system no confusion oi difficulty could possibly arise 

It may be true that some of the proposals having refei ence to the weights of 
matenals m the supeificul foot the conespondences with foreign moasuies and 
some of the piojects principally intended for the purposes of science may not be 
required in every day pi actice but still much remains m the system that m the 
opinion of the authoi would admit of veiy easy introduction and most general 
and satisfactory employment 

In respect to the piactical application of the method of decimal divisions as 
regards mechanical construction the author can speak most satisfactory fiom 
some yeais experience in his own manufactory as he has found it to be most 
r adily followed by his workpeople and also that it has avoided fiequent and 
vexatious misunderstandings to which before its adoption he was fiequently sub 
jected from the want of a more minute and specific system of measuie than is 
afforded by the common foot rule and wne gages 

Pherefoie from conviction of the usefulness and practicability of the decimal 
system of measuies for small quantities be would most strongly urge its general 
oi indeed universal adoption is above proposed the more especially is it is a 
cli mge th it would be attended with very little tempoi iry inconvenience oi expense 
cncumstmces which gieitly retard all attempts it geneialization 

Note BN —To follow the paragraph ending the ribbon saw, page 751 
(Mr Bodmer s Patent 1 w es for Locomotive Wheels) 

Mr Bodmer s Patent mode of constructing the inner and outer tn es of locomotivo 
wheels and other annular objects, might serve for making m one piece the 
riband saw spoken of at pa Q e 751 and also the ciown saws represented and 
desenbed fig <97 pages 802—3 

In making the tires of locomotive wheels the first course is to prepare a mass 
of wrought iron of the appropriate weight and with a central hole this rude 
annular piece of iron when raised to the welding heat is inserted between a pail of 
rollers that overhang the bearings m which they work The one l oiler is placed 
within and the other without the piece of iron which however irregular is soon 
thereby reduced to an equal section throughout when the rollers aie set m motion 
and a third roller placed m the path of the niscent hoop or tire giveb it a fo m 
almost as truly circular as if it had been turned m a lathe The three rollers 
ensuie cnculanty in the tire upon the same punciple that is employed m the three 
bending ioilers, see fig 232 page 389 Yol I 



1022 


APPENDIX-NOTES BO AND BP 


Note BO page 803 —To follow tlie third paragiaph 
(Mo Haovey s Patent Cmvilvnem Saws ) 

Mr Harvey took out a patent m June 1845 for an adaptation of the cylindrical 
or crown saws descnbed m pages 800 to 803 by which they may be applied to 
works of indefinite length The hoop constituting the saw is attached to a disk 
mounted on an axis but the disk only extends ovei ** of the circumference leaving 
exposed for the passage of the wood and the saw instead of receiving con 
tmuous circular motion as before is now recipiocated by a crank tkrou 0 h a few 
degrees only of the circle so that the wood sawn off may pi oceed thi ough the 
aperture between the saw and the disk which apeiture somewhat resembles the 
space between the spokes of a wheel having three ai ms and a very thin fiat rim 
The square log fig 1025 is mounted on centeis upon a drig or slide fitted with 
rack pinion ratchet and detent as usual for feeding the cut so that the log is 
piesented with its four angles successively and the exti erne edges having been first 
sawn off with an ordinary circular saw also attached to the machine the four 


Fig 1025 



Fig 1026 



annular sections a a a a are first removed from the four angles then four larger 
b b b b with a saw of greater diameter and afterwards four others c c c c the 
nucleus e is then sawn m two and the several pieces when recombined produce the 
mast of the section fig 1026 which is said by the Patentee to be much stron Q ei 
than any mast or spar consisting of a single piece of timber 

The inventor also proposes to apply the saws to short works such as chair backs 
and brushes but which may be apparently better produced m the old drum saw 
which acts more rapidly from receiving continuous motion—he also proposes to 
cut pieces of double curvature or of the ogee form by the employment both of the 
inner and outer surfaces of the cylmducal saws accoidmg to circumstances See 
Mechanics Mag 1846 Vol 44 p 18 

The reader is referred to Note BN which suggests a new mode of constmctmg 
cylindrical oi crown saws 


Note BP page 827 to follow the paragraph ending f fast by each foot 
(Cutting the teeth near the ends of files ) 

To this paragraph it should have been added that m cutting the ends of the files 
which parts must necessarily be laid at the time upon the anvil the opposite end 
of the blank is supported upon a wooden po op of the same height as the anvil and 
the straps arc plated m the middle of the length of tin file 
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Note BQ to follow the first paragraph page 839 
{Mi Michael Kelly s Qmnnett ) 

Mr Michael Kelly s Ouannett represented m figs 830 and 831 was rewarded by 
the Society of Aits m 1845 and the instrument has been successfully applied to 
suapin 0 zinc plates for tbe process denominated Anastatic Printing invented in 
Germany and P dented m England by Mr Joseph Woods By this ingenious art 
lmpiossions nny be made by the tiansfei yioccss from any even the earliest 
printed works and engravings piovided any portion of the oil still remains m the 
ink 


Note BR page 841 to follow the paragraph ending f are not at present used 
(Imenton of vanons file cutting machines) 

Since the article on File Cutting Machines was written the author finds that 
Thiout was not as he had supposed the inventor of the first machine for cutting 
files as in the Memoir on the subject by M de Montigny read before the Com 
inittee of Comniei ce in 1778 the following were noticed as the more important of the 
machines invented for cutting files—namely that constructed by Duverger m 1699 
—by Tardouet 1725—by Thiout 1740—by Brachat et Gam am 1756—and by 
Yauckei 1778 

To these machines aie to be added those subsequently made by Raoul m 1800— 
and by Fricson m 1836 See Article Limes (Yol 12 p 289 of the) Dictionnaii e 
TuhnologiquedesAits et Metieis Pans 22 vols 8vo and 2 vols Atlas 1822—183 5 


Note BS —Referring to page 299 of the First Volume 

During the penod m which the last sheet of this appendix was being printed 
Mr 1 la}lor kindly pointed out to the author that in the t xblc for converting 
decimal piopoitions into divisions of the pound avoirdupois mseited on page °69 
ol the fust volume a clencal enoi had been committed fiom the subdivisions of the 
avoirdupois ounce having been considered to consist of 8 diams as m apothecaries 
weight instead of 16 as m avoirdupois v eight 

lhe author much regrets this oversight which aiose from the circumstance of the 
avoirdupois ounce being rarely subdivided m common use more minutely than into 
halves or quarters and he inserts overleaf the conected table, which Mr Taylor 
has been kmd enough to calculate foi this work 
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TABLE POE CONVERTING- DECIMAI TBOPOPTIONS 

Into Dnrnons of the Pound A i on dnpois 


D dim! 
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2 

2 
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4 

2 
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2 
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3 
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2 

3 
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4 

3 
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6 

3 

1 5b 


4 
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2 

4 
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4 

4 
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6 
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5 
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2 

5 
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6 
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6 
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8 
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2 

9 
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6 

9 
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10 
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11 
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4 
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6 

11 
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2 
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6 
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13 
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7 
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7 
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9 
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9 
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5 
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7 

10 
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13 
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15 
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4 
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Application of the Table 

The Chinese Packfong similar to oui German silvei according to Dr Fyfe s 
analy sis p 2/9 is said to consist of — 


40 4 paits of Copper^ 

1 I 6 oz 7 drams 

full 

25 4 — 

31 6 — 

Zinc ( 
Nickel 

* equivalent to < ^ J 

full 

neaily 

26 — 

Iron J 

1 ( 7 - 

nearly 

100 0 Parts 


16 oz 0 — 

Avoirdupois 
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Note BT —To follow the notes J K L on page 46 of Vol I 
(Mi Joseph Gibbs Patent Carving Machine) 

Mr Joseph Cibbs patent for improved machmeiy for cutting maible wood 
and other substances sealed 12 Nov 1829 was inadvertently overlooked by the 
author when he wrote the notes J K L of this Appendix on the carving machines 
subsequently patented by Irvmg Jordan and Tomes described on pages 954 — 7 
he now proposes to supply the omission 

A general idea of Mr Gibbs carving machine will be conveyed by imagining the 
model and the copy to be placed on two separate honzontal platforms situated one 
above the other the drill and tracer are each exactly vertical and m one and the 
same line but of course m an interrupted line as between them lies the platfoim 
with the model The tracer is it the top of all and rests on the model the drill is 
below the model and rests upon the copy that it is m the act of producing 

It is next to be explained how the tracei and drill are simultaneously and equally 
moved m all directions over the model and copy which lie at rest and this is 
accomplished by building them in one vertical line at the outer edge of a double 
swing frame consisting of two frames or panels which move on joints somewhat as 
a folding door that consists of two leaves jointed in the center a construction 
which also resembles that of the double swing frame used m Brunei s cross cutting 
saw machine see fig 789 page 796 

The two leaves of the swing frame—to boirow the words of the former descrip 
tion —give respectively the powers of moving the tiacei and dull simultaneously 
f om Noith to South and fiom East to West In addition to these two motions 
is a thud for the entire mass of the swing fiarne is moveable vertically as it slides 
through fixed circular bearings and is supported on a treadle which allows the 
drill gradually to penetrate the woik until the further descont of the machinery is 
arrested from the tracer coming into contact with the model to be copied As m 
Brunei s saw machine and some others the motion of the prime mover is com 
mumcated by belts or straps reeved on pulleys situated at the two axes of motion 
so that the rambling of the tool does not affect the tension of the hands 

One great application of this machine was to the cutting of the wooden letters 
used for shop fronts several m one pile and in which case a metal templet was 
used The machine presented all the elements i equired for the pui poses of carving 
and was used for that purpose but the duplication of the swing frame enfeebled 
the construction and gave rise to more vibration than exists m the subsequent 
machines of Irving Jordan and Tomes which all more or less resemble Gibbs 
oiigmil machine in principle although severally different m construction and moie 
efficient m use 
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LIST OF GENERAL CUTLERY, 

OF THE BEST QUALITY PLAIN MEDIUM A1SD HIGHLY 
FINISHI D MADE BY 

HOLTZAPFFEL & CO, 

64, CHARING CROSS, and 127, LONG ACRE, 

LONDON 


POCKET CUTLERY 

Champagne Kimes CbateDme Km\ es Ci^ar Nail Desk and Erasing Knives 
Bunting Knives Instrument Knrves—with few or many implements—m D<ry 
‘'tag 01 Tortoiseshell handles Ladies Knives Pen Knives Pocket Pencil 
Rule Clasp Sailors Pen machine 1 ic me and Masticating Knives 


SCISSORS OF ALL KINDS 

Buttonhole Cutting o it Hair cutting Hoise tnmmmg Lamp Paper Kitchen 
Whisker and c mgical Scissors 

ladies Scissois Lace Woik ^mall W ork Fmbioidery and Nail Scissors 
Foiling Scissois for the Pocket and Chatelaine Cases of Ladies Work Scissois 
containing 2 3 4 or 6 pairs Left handed Scissors 


RAZORS AND TOILET CUTIERY 

Razors m Ivory Tortoiseshell or Black Handles Guard Razors Flush backed 
Razors Hollow giound blade Razors Army 1 azors Cases of > 4 or 7 Razors 
Rcll cases of llazois andloiletnecessanes Razor Hones Razor Strops Canton 
Strops Boot Hooks Button Hooks—solid or folding Hunting ditto for Tops 
Com Files Die smg case Coikscrews Tweezers Dental Instruments Kail 
Kippers Improved Perfect ditto Door Wedges Dumbbells Steel Watch 
Guaids Dog Chains Dog Collars Swivels and Pidlocks 

Locks especially designed for Securing Leather Straps 
Key Rings of all kinds plain or embossed with name and address 


Hunting Knives m Sheaths plain or richly mounted Skean Dhu Knives 
Slnkary Knives Gooika Knives Kookne Knives Boar and Beir Spiars 
Skinning Knives Alpenstocks Ice Axes (.limbing Irons Riflemen s Knives 
I leams Iarners Knives Ca es of 1 arners Tools Ditt for the Sa Idle 
Hoise clippm 0 Machines Lancets Veterinary Hammer and Hoof Picks 


Si ates of all patterns Club Skates Ladies and Stiapless Skates 


Corkscrews Champagne Tap Kippers Hool s and Knives Butleis Coik 
screws Telescope Dressing cise Pocket and Lever Coikscrews Ditto with 
lack and Innon kc locket Instrument Corkscrews containing from 2 to 12 
useful implements Needles Picking Needles btiap Punches Lyelet I nnehes 
and Gentlemen s Housewives 



H0LT2APFFEL & CO ’S 

PRACTICAL SETS OF PORTABLE TOOLS 

ARRANGED Ilf THE MOST COMPI ETE TORM IN ROLLUP FOUCIILS 

Selected for Caipentry Canoeists Engine®s Fishei men Officers Sportsmen 
Iravclleis yachtsmen and otheis 

The sets of Tools aie of the Best Matenals and Workmanship the stems made 
all to fit into One Handle to economise space They consist of Chisels 
Gouges Files Hammers Saws Knives Screwdnvers Hasps Pincers Crow Irons 
Gimlets Lradawls &c In their more simple foim the Pouches contain sets of 
12 18 24 30 or 36 of the above named tools only 

In their more complete form the Roll Pouches contain sets as above but with 
additional loops for a selection of tools which are independent of the handle 
such as— 

Callipeis Cold Chisels Bolt lions Diestocks—cutting several sizes of screws 
Dnllstocks—carrying then bits m the handle Jointed lhillbow s of steel Archi 
medean Dnllstocks Cages to measure to the 100th or 1000th of an inch Gimlet 
Handles Hand Vices Oilstones in cases and oilstone slips Oil Bottle with Duft 
Planes of small sizes m gun metal Cutting Pliers Plat Nipper and Round 
1 liers Cutting Compasses for Washers &c Punches of all lands Rules Spirit 
Levels Steel Screw Wrenches Spokeshaves Squaies Sliding Tongs Pm Vices 
Table Vice Watch Tools &c &c 

Many of the above tools especially constructed to combine strength and con 
vemence with extreme portability 


Hammer Hatchets combining Hammer Hatchet Crow lion Screwdriver 
Fulcrum Lever and Wrench forged m one solid piece 


GARDEN AND HORTICULTURAL CUTLERY 

Averuncators Bill Hooks of all kinds Budding Knives Pruning Kmve * 
straight and folding Piumng Knives with Saw Piuning Saws Grecian I runmg 
Saws Flower Scissors S issors to cut and hold the flower Grape Gathereis 
Pruning Shears foi the hand Sliding Pruning Shears Ladies ditto Large 
Pruning Shears m long handles Slidiug Piumng Sheats m long handles Hedge 
Shears Grass Shears Hatchets Hammeis Hoes Rakes 1 rowels Daisy 
Rakes Daisy Giubs Spuds Syringes Slashing Hooks &e &c 


Surgical Knives Scalpels Scissors Poiceps Lancets Needles &© 

Pen Holder for enfeebled hand Table Knife and Folk for ditto Rheumatic 
Hammers 

Cases of Instruments for Botanists Ornithologists Taxidermists See, and for 
general purposes Steelyards Machines foi making Quill Pens 


TABLE CUTLERY 

Bread Knives m Ivory Stag or Wood plain or carved Handles 

Tible Knives and Dessert Knives m plain Black Horn Handles Bone Handles 
Stag Horn Handles m Stag Horn Handles with Silver Ferrules and Butts m 
Ivoiy Handles m Ivory balanced Handles m Ivory balanced Handles with Silvei 
Ferrules &c &c 

Carving Knives and Folks and Poultiy or Game Carvers of all sizes to match 
the above 

Trowel shaped or Round of Beef Carvers in Stag or Ivory Cooks Ivmve 
Steels Knife Shirpeneis &c 

Table Knife and Fork combined for use with one hand 
Complete sets of Table Cutleiy with or without cases 
Antlers, Tusks, Horns Teeth and other tiopines mounted as an> foim of knife 
Knives engraved with crests monograms &c 














IIOLTZAPFFEL & CO’S ENGINE DIVIDED SCALES, 

<for (Swgiiiwrs ^.rc^xtects grrcug^mm &t 

Every scale is ruled m the Diudmg Engine on a different slip of Specially 
Prepared Catdboaid 18 inches long the figures and mscuption having oeen 
pi eviously printed dry By this arrangement the confusion of crowded scales is 
entirely avoided and any of them may be applied directly to the drawing or com 
pared with one another without the employment o-f the compasses and as from 
their thinness they pass under the P square no offsets are required The material 
of the scales and of the drawing paper being identical both are equally affected 
by climate or teinpeiature and expand or contract equally together 

ORDINARY DRAWING SCALES 

A series of 21 scales consisting of the usual reductions of the foot viz T2 £ \ 
e r 4 1 i 1 l \ 1 2 2 i 3 4 o b inches to the foot three lines of inches 

divided into eighths tenths and twelfths and the Ln 0 lish foot decimally divided 
2 he Set of 24 Scales in case puce £1 2s 


CHAIN SCAIES 

A series of 24 scales in Ch uns and Linl s viz 1 1 2 2 2£ 34567810 12 
13 3o 15 18 20 25 30 40 50 60 70 80 100 chains to the inch 
The Set of 24 Scales m case puce £1 2s 
Single Scales of any of the above and of many other vat icties lept in stock 
price Is each 

Single Seales graduated to or tier 11 English or French measures on separate slips of 
cardboard IS inches long price 2s each 
Single Seales of other measures graduated to order price 3s each 


CIRCULAR CORTES 

1 or Railway Plans and analogous purposes made as arcs of circles of any required 
ladn between the two extremes of one inch ind one mile 

Holtzapdel Sc Co cut these cuives m stout cxidboard made expiessly for the 
puipose as this mateml combines in the most suitable mannei economy with 
c m\ enionce and permanence ot foim 1 he convex and concave edges of these 
cuives aie both nude to the same ladtus and they ha \e received the approval 
and permanent patronage of the great majority of the Civil Lngmeers Architects 
and burveyois of the United Kingdom 

JLhe usual set consists ot 60 curves of radii mcieasi ig m due propoition from 1 to 
1 ^0 inches those ab ivc 12 inches radius measure 3 inches in width and 18 inches 
m len 0 h 

7 he Set of 60 Cur ves m Plain Deal Case pr ice £ 1 10 $ 

Single Curves of any Radius 1 opt m stoc! pnic 1$ each 
Single Curves of any required lad us m English inches feet or chains French 
metre tic cut to order price 2 s each 

INGINE DIVIDED CIRCULAR C\RI) PROTRACTORS 

Every Iiotiactoi is ruled separately m the Dividing Engine around either the 
outer or muei edge of a flit cardboard nng 

Holtzapflel % Co s Caid Proti actors bang ruled and not printed they possess 
the same accuiacy as well as the othei advantages of the Lngme divided Caid 


External Diameter—6 inch 2s 6d 9 mch 3s 6t£ 

Internal 9 —6 3s 0 d 9 4s 6 d 


12 inch 5s 
12 6s 


HIE 0D0NTAGR1PH, 

Invented by Professor R Willis A M F R b &c Ihis is an instrument of easy 
application used toi descnbm 0 the teeth of wheels by circular arcs so that any two 
wheels of a set may woik truly together The theoictical explanation of this stem 
ot setting out the teeth ot wheels which has been most extensively adopted by 
piactical men will be found m the liana Inst Civil ingmeeis vol n and in 
"\A lllis s Principles of Mechanism 

In Cardboard w th tables and imtr uctiom for we tar rushed price os 
Pa B)ass with tables and ms tr actions for use mounted price £ 1 10* 



This little Printing Press is made of mahogany and stands m the small spa e of 
11 by 8 inches It is c ipabie ol j, noting a ^ age / by t> me les and vvorl s s easily 
that a child may use it on the parlour table A small type case accompanies it 
containing a fount of about 2 jOO types neatly arranged in three drawers vuth 
appropriate dm ions a fourth drawer serves for the furniture inking tablet &c 
and to these are added the necessary tools so as to render the whole complete 
Should it be required the type case will contain a duplicate supply of type m 
addit on to that usually furnished and which doubles the efficiency of the apparatus 
at a slight additional cost 

The above apparatus is well adapted for the amusement and education of youth 
and also to vauous applications of the inestimable typogiaphic art to the common 
concerns of mankind 

For example —Companies institutions and individuals have found it convenient 
for circular letters invoices and papers subservient to the dispatch and methodical 
arrangement of business naturalists and travellers for short memoirs of scientific 
researches or labels for specimens ti e friends of education for disseminating 
original and other papers wood engravers for examining the progress of then 
blocks practical printers for proofs of title pages stereotype plates or cards and 
nearly every different pursuit will suggest some new application of this httle Press 

LIST OF PRICES 

SECTION I— Cowper s Parlour Presses and Apparatus 
COWER S PARLOUR PRINTING- PRESS with a gallej chase a box of ink a 
vulcanized inking roller and a distributing tray 
SMALL DEAL TYPE C ISE painted with four drawers three of them partitioned 
to contain an assortment of about 2 500 types and a proportionate supply of loads 
and biass rule the fourth drawer contams reglet furniture side and foot sticks 
quoins &c 

SET OF EXTRAS—comprising transfer composing stick bodkin forceps mallet 
shooting stick planer brush and turpentine foi cleaning the type two quires 
of demy punting paper cut into suitable sizes for the press and one pair of 
damping slates 

GALLEY CHASE seven inches square inside 

Total charge for the Tlain Tat low Press and Apparatus complete -€6 

COWPER S PARLOUR PRINTING PRESS japanned and finished m the best man 
ner and fitted with a drawer m othei respects as above 
SMALL MAHOGANY TYPE CASE with brass lock and handles m other respects 
as above 

SET OF EXTRAS comprising transfer composing stick &c as above 
GALLEY CHASE seven inches square inside 

Total charge for the Best Tarlow T> ess and Appat atus complete , £8 

DUPLICATE SET OF 2 500 TYPES and which may be contained m either of the 
above cases £1 12 ? 


SECTION II—Fono Foolscap Presses and Ipparatus 

POT 10 POOLSC 11 I RINTINix PRESS on the principle of Cow per s 1 arloui Pi ess 
suitable to pi in tin ^ the hall sheet of loolsc ip 01 thequuto sheet of impel ml 
With an non bed half an inch thicl planed quite level and tiue to increase the 
peimanent accuiacy of the Foolscap I less and an non counterpoise to ficilitato 
the working of the same Mcasuiemcnt of the bed 15 by 10 inches I be press 
varnished and japanned complete with two iron chases register points &c 

LARG1 DFA.L THE C1SE with six drawers and measuring externally 21 inches 
by eighteen and 11 inches high with lronhmdlts lock md key lour of the 
drawers are paititioncd after the 1 nntcr s method for holdm 0 9000 types of the 
following vmeties — Great Primer Romvn Specimen No 9 —\u capitals 
fi£,uies points spices md qnadiats Pica Tom in No 13 In e and smill 
cipitils lower eisc (small letters) with iccented vow els foi puntin a the foreign 
laugiu es fi ures points spaces quiduts and space lm lead complete 
Bourgeois Roman No 17 eipitils fi ures points spices and quidrats 
Bourgi ois Aniiquf No °3 capitils figuies points spaces md quidnts 
I wo of the di iwers contain spice line leids furniture side md footsticl s quoins 
and re let also a mallet shooting stick plmcr hodl m pnutci s composing 
stick inches long brush foi cicinmg the type i pm of thicl dimpum slites 
Ac all proportioned to the size of the Foolsc ip 1 less Six inch i ulcaiuzcd ink 
mg roller m frame and case and large bo\ of superfine pnntm a ink 

Total change for the Folio Foolscap Fi ess and Apparatus m the less computefor m £22 

FOLIO FOOI SOAP PRINTING PRESS exactly like the one last described 

LARGE DLAL TYPE CASE with ei°ht draweis similar to the ease with six drawers 
above described but thi ee inches higher and c ontammg a considerably greater 
su PPl} of each of the lands of type specified in the loie^oing description together 
with the addition of Gieat Pinner No 9 lower case letters Pica Italic No 14 
capitals lower case letter points and spaces and Boiu^eois Antique No 23 
lowei case letters making the total number of types about 17 000 together with 
a pioportionate increase of space line leads furniture Ac and with the addition 
of 21 pieces of brass rule of thiee vaueties six inch vulcanized inking roller m 
frame and case laigo box of superfine punting ink composing fiame of deal to 
receive the drawers of the type case when m use inclined galley of mahogany 
with nun eable bottom and four extra chases two of them with crosses 

Total charge for the Folio Foolscap Fi ess and Appai atus m the mot e complete fot m, £32 

Larger Presses on the same principle 

FOLIO DEMY PRINTING PRESS with non bed and counterpoise suitable to 
printing the h ilf sheet of demy Measui tment of the bed 20 by 13 inches The 
pi css varnished and j ipanned complete with two chases ie"ister points &c £li 

BROADSIDE FOOLSC AI 1RINTING PRESS made entirely of non and piovidcd 
with scicw ul]ustinentstoic a ulitc tlio piessuio asrcquned suitahh to printing 
th( wholo sheet of fools( ap Measurement of the bed 20 by 15 mehes complete 
with four chases registci points Ac £22 

Type cases of various sizes and with any required selection of types Moulds for 
casting iclleis Tools, &c to order 

SECTION III— Cases for Additional Typrs 

SMALL TYPE TRAY 10 by 6 inches with a selection of about 600 Roman or Italic 
types of small si/e of either of the numbeis 17 to 20 £1 

TYPE BOOR 15 by 12 inches with a selection of about 1 500 types compusmg eight 
vaueties of small tjpes foi headings cards &c as desenbed in pace 65 of 
pamphlet, £2 106 

LARG1 TYPE TRAY 22 by 24 niches partitioned aftci the mode of the printing 
office for containing largci quintities of type of any ] ind 7s 

II4ND CHASE m a painted case, with cushion rollei mk andmkmgtiay £1 5s 


PRINTING APPARATUS FOR THL USE OF AMATEURS 

A pamphlet containing full and practical met} actions for the use of Gowi fr s 
I ari our I RINTING I ress also the description of larger presses on the same principle 
and various other apparatus for the Amateur Tfpocftaphct — 2ho pamphlet contains 
hi iwise numeious specimens of plain and ornamental types, brass tules checks borders 
ornaments,corners arms $r $c 

Thir d Edition, greatly enlarged 8 vo, cloth pr ice 2s 6d 



ELLIPTICAL CUTTING FRAME 



m vNur vcTurrD by 


H0L1ZAPFFEL & CO, 

G4, CHARING CROSS, and 127, LONG ACRE, LONDON 


f pHE Eliiptic vl Cutting Frame invented by C \ptiin Ash H E I C S is em 
1 ployed in tlie lathe for ornamenting turned surfaces with elliptical figures 
after the same geneial method that the excentnc cuttm„ frame is employed for 
\ loduemg circular figures on similar surfaces viz the object to be ornamented is 
fitted on the lathe mandrel and motion is given to the tool by the Elliptical Cutting 
1 iome which is fitted to the receptacle of the sliding rest and driven by a band 
leidmg from the oveihead motion 

The Elliptical Cutting Fiame is capable of producing llipses of all proportions 
fiorn a right line to a circle according as it may be adjusted and the ellipses may 
\ e anan D ed eithei in circular Older by the employment of the division plate or m 
i ctilmear older by the motion of the sliding rest or the two mo\ements may be 
combined at pleosui e An almost infinite vai lety of pattei ns of a highly 01 nament U 

Pxttem 2 


I vHein 1 



ELLIPTICAL CUTTING FRAME 

character will therefore be produced by the elliptical movement alone In addition 
to which the instrument is adapted to pioduce cpicycloidxl patterns of 4 loops 
similar to those produced m the geometuc chuck these lioptd figures may 
likewise be made in all proportions and be placed in any positions 

Pattern Pattern 4 




1 iom tliest comprehensive powers of the 1 llij, tical Cuttm 0 hrune rt results th it 
any de lied arrangements miy be pioduced of circles ellipses right lines ol 
4 looped fi Q uies the instrument is therefore a most desirable ddition to all lathes 
t )i ornamental tinning and if required its powers may be still further increased 
the addition ot other epicycl ndal patterns or by combining its me vementswith 
those o± the eccentric chuck oi othei apparatus tor ornamental turning 


Gena al Ft mwU on the Action of the Elliptic ci Cutting Fr-vme 

Hie elliptical movement of the tool is produced as in the got metric pen and m 
Ibbebson s geometric chuck by the combination of two circul ar movements in oppo 
site dnccti >ns the one ot which ti avels at double the angular veh city of the other 
In the 1 llipticil Cuitm D hl ame this is effected by the tiam of wheels seen m the 
front of the instrument which ait so arranged that the t\centnc fiame carrying 
the tool A in ikes two revolutions to the light while the ladnl flange B makes one 
revolution to the left and the proportions of the ellipse described by the tool depend 
upon the idative degrees of eccentricity giveu to A and b I bus when A and B 
aie both placed central the tool has no eccentricity aud merely pr >duces a dot 
When eccentricity is given to A alone the tool descubes a circle the radius of 
which will depend upon the movement given to the seiew ot the cxcentnc iiame 
uudei the guid nice of the mier ornetcr head C which has ten divisions Supposing 
the exeentr lcity to be equ il to 4 tut ns ot the seiew oi 40 divisions oi the miciomctei 
held and that it ib desired to convert the cncle into a tiaiglit line the flan G e B is 
x \ ) moved 40 divisions by means ot the adjusting screw D upon which a winch 
handle is temper inly fitted 

\ny seues ot ellipses between the straight line and the cncle may be described 
by leducing the eccontiioity of the i atli il 11 ange B I hus if it be shift d 5 divisions 
between each figure asenesof 7 ellipses will be produced gradually advancing from 
the light line to the circle Any othei number of divisn ns may l e adofted m the 
same m inner the instrument being so adjusted that cqu al numbers of divisions on 
1 and C ilwxjs pioduce the sti light line benes of concentric ellipses uc pio 
dueedbj adjusting both A and B thus m pattern 1 A was shilted 4 divisions and 
L two divisions between eveiy cut 







EPICYCLOIDAL CUITING FRAME, 

FOR 1RODUCING COMPOUND FIGURES WITH INTERNAL OR EXTERNAL LOOPS 

OR CUSIS 



MADE BY 

H0L1ZAPFFEL & CO, 

64, CHARING CROSS, A TO 127, LONG ACRE, LONDON 


fT HE Epicycloidal Cutting Frame is an extension of tlie principle of the 
J Elliptical Cutting Frame to adapt the instrument to the production of 
patterns more nearly resembling the figures made by the Geometuc Chuck 

The Epicycloidal Cutting Frame as usually supplied will pioduce about 
40 figuies of from 2 to 90 loops every one of which admits of considerable variety 
both of size and proportion and if desired at any subsequent time the nurabei of 
patterns may be consideiably increased 

Neatly the whole of the figures belong to the class of epicycloids in which every 
loop oveilaps or extends beyond the preceding loop These patterns are very 
effective and admit of considerable variation m foim and dimensions by simple 
change of excentncities All the patterns consist of a single lme and many of 
them may be easily made to cover a surface of from 3 to inches diameter 

To facilitate the manipulation of the Epicycloidal Cutting Frame, it has been so 
arranged that the settings required to produce the entire series of patterns are 
limited to the exchange of two wheels upon one arboi which may be readily 
detached and le instated without difficulty All the patterns produced by the 
Flhptical Cutting Frame may be produced on a more extended scale by the 
Epicycloidal Cutting Frame 


DIAGRAMS ILLUSTRATING THE EPICYCLOID L CUTTING FRAME 













ROSE CUTTING FRAME 


Jfur Uiosr (Bngrnc patterns 

IN QEDINAEY TUENINQ LATHES, 

MADE BY 

HOLTZAPFFEL & CO , 

ENGINE, LATHE, AND TOOL MANUFACTURERS, 

64 CHARING CROSS A 127 LONG ACRL LONDON 



Phis Instrument is employed in the sliding rest in the same manner as the 
Eccentric Cutting Fiame and its management is almost as simple It is capable 
of producing upon surfaces nearly the whole of the ornamental patterns that have 
been hitherto confined to the Rose Engine the use of which has been much re 
tarded by the expense and size of the machine and the numerous apparatus 
required for its development 

A more compact and less expensive apparatus for Rose Engine Turning has long 
been a desideiatum with Amateurs Holt/apitel & Co have therefore much 
pleasure in submitting the present instrument to the notice of their patrons 
The variety of the ornamental patterns produced by the Rose Cutting Frame is 
limited solely by the number of rosettes these may be increased to any desired 
extent but as the instrument admits of numerous variations being produced from 
one rosette only a moderate number will generally be required 

In illustration of the performance of this instrument six simple patterns fiom 
six different rosettes are printed on the opposite page and on the following six 
variations of one of these rosettes many other patterns may be produced from the 
same rosette and m those offered it will be observed that only the most simple 
apparatus have been employed m combination with the Rose Cutting Frame 




IL LUSTRATIONS 

OF 

HOLTZAPEEEL & CO’S BOSE CUTTING EEAME 


Simple Patterns produced from Rosettes A, B C, D, E, F 

Rosette A Rosette B 



Rosetti C 


RoscTrr D 



Rostiti I 


Rosi rn 1 











